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Automated Molecular Biology Laboratory 

Cross Reference to Related ApplicatioM 

The present invention is related to copending international 
application "ROBOTIC INTERFACE", number PCT/US90/06000, by 
Harry A. Guiremand, filed October 16, 1990, which is hereby 
incorporated by reference. 

Field of the Invention 

The present invention is in the field of apparatus and methods 
for performing chemical studies and analyses and has particular 
application to chemistry protocols involving genetic material from 
samples of DNA. 

Background of the Invention 

There has been rapid growth in recent years in apparatus and 
methodology for biochemical enterprise, particularly in the 
development of increasingly sophisticated systems for automating 
biochemical processes* 

Procedures in chemistry, particularly in biochemistry, present 
generally more difficult problems for automation than many other 
kinds of processes and procedures ► One reason is that there is 
often a very long sequence of steps in a biochemical procedure, 
such as gene detection and sequencing DNA. Another is that an 
automatic system needs to be very versatile, because different 
kinds of starting materials and different analytical purposes 
require different steps, different order of steps and the use of 
different kinds of chemical reagents. A third is that sample 
quantity is, for various reasons, quite limited, and only very small 
volumes, often on the order of microliters, must be used. 

Systems have been attempted to do proc dures useful in 
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biochemical analysis, such as transfer of liquid from one container 
to another by pipette) and in general such systems mimic manual 
procedures* Typically a mechanical arm is moved over a limited 
area and carries one or more pipette tips. Systems of the prior 
art, however, have been mostly addressed to protocols in which 
liquid transfer is in volumes much larger then the microliter 
volumes often encountered in biochemical procedures, and these 
systems have been less than notably successfiil in addressing 
problems created by conditions such as those described above, 
like pipetting very small quantities of liquid with accurcicy. 

Aspirating liquid into and dispensing liquid from a pipette can 
be done several different ways. If a liquid is dispensed into air 
relatively rapidly, the liquid is dispensed at a regular rate, that 
is, in an analog fashion. If the same liquid is dispensed relatively 
slowly, the dispensing rate becomes, at some point, incrementaL A 
droplet forms on the tip, grows, and separates from the tip, then 
another droplet grows and separates. The size of the droplet 
depends on such variables as the diameters and the design of the 
tip and the viscosity and surface tension of the liquid being 
dispensed. The viscosity and surface tension depend on other 
variables, among them the liquid material and the temperature. 

The droplet phenomenon affects aspiration of liquid into a 
pipette from a container of liquid as welL Liquid is aspirated with 
a pipette below the surface of liquid in a container, but when the 
tip is withdrawn, a droplet can form on the tip, and affect the 
accuracy of the aspiration. The effect of the droplet size on 
accuracy depends on the volume to be aspirated and the droplet 
volume^ 

If a volume to be aspirated or dispensed is very large 
compared to the droplet size that forms on the pipette tip, the 
droplet phenomenon has little effect on accuracy. If, however, the 
amount to be aspirated or dispensed is in the range of, for 
example, ten times the volume of a single drop, the droplet 
phenomenon can b serious ind ed, and accuracy may be seriously 
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impaired. In the case of biochemical procedures, the sample size 
and the volume of material to be aspirated and dispensed is 
typically very small. If a liquid to be handled is quite viscous, 
such as genomic DNA for example, the droplet problem assumes 
larger proportions. 

If liquid is to be dispensed into a container, and the container 
already contains liquid, the pipette tip can be submerged in the 
liquid in the conteuner, much in the manner that liquid is typically 
aspirated, then additional liquid may be dispensed in an analog 
fashion. A new problem in this procedure, however, is that when 
the pipette is withdrawn from the liquid in the container, an 
uncontrolled amount of the liquid can adhere to the outside of the 
pipette and be carried away when the pipette is moved. Again, if 
the volume to be aspirated is large compared to the amount that 
adheres to the pipette, the inaccuracy is smaU. If the amount to 
be aspirated, however is small, as is typically the case in 
biochemical procedures, such as DNA sequencing, the amount that 
adheres to the outside of the pipette may introduce significant 
error. Also, the further a tip is immersed in a liquid whether 
aspirating or dispensing, the more liquid can adhere to the tip, 
and the greater may be the inaccuracy. 

Another problem encountered is with the speed and precision 
of robotics. A robot for moving a pipette to accomplish liquid 
transfers from container to container is in some respects a simpler 
problem than manipulating solid objects. For example, a robot to 
do pipetting requires three degrees of freedom, while some robot 
devices require as many as seven. In biochemical procedures, 
however, it is generally necessary to access a large number of 
different sites, and to do so very accurately. It is desirable in 
gene detection and DNA sequencing, for example, to process a 
relatively large number of samples in a single procedure* To do 
so requires the addition of many different reagents for each 
sample, and the needed r agents are not in every case the same 
for each sample. There have to be sites in the scanned area of 
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the robot arm for containers to hold all of the samples and for all 
of the necessary liqiiids to perform the procedures. Moreover, 
there is a need for other sites, such as a wash station for the 
pipette or pipettes and stations for such procedures as mixing, 
incubcUing, separating, and the like. 

In the case of biochemical procedures, the niunber of sites and 
the lengthy procedures require that movement from site to site be 
accomplished quickly to save time. Moreover, the requirement for 
small volumes of samples and other liquids imposes a restriction of 
small containers, hence small targets for the pipette. Accuracy 
and resolution become more important for small targets. 

Systems of the prior art mimic the manual processes of 
pipetting very poorly. A laboratory worker using a manual 
pipette develops detailed technique for pipetting liquids, and 
often employs such technique without considerable thought. For 
example, a worker will typically develop technique for approaching 
the surface of a liquid with a pipette tip very slowly, and will 
move the tip slowly and with precision at the Hquid surface. A 
worker will also typically employ technique such as touching a 
droplet on the pipette to the surface of a liquid to transfer the 
droplet to the liquid mass. These movements made almost without 
conscious thought by a skilled worker are difficult to duplicate 
with a robot, and are typically not accomplished in automatic 
systems of the prior art. 

Yet another problem encountered in automating biochemical 
procedures such as gene detection and DNA sequencing is 
associated with the systems of programming and control. It is 
known to operate such systems with computers and to program 
sequences of action for a computer to follow to accomplish the 
chemical procedures, but the large variation in steps, variation in 
variables such as heating, cooling and mixing, and the need to 
process a large number of samples at a time imposes a severe 
reqxiirement for a system that is flexible and operator friendly, 
with an operator interface that is easy to use to set up process 
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variations. 

Still another problem encountered in the design of such a 
system is liquid integrity. Even with rapid movement of robotic 
components and short and compact site design, the large number 
of samples and large number of steps for each sample, coupled 
with time required for such things as heating and cooling, dictates 
that operations must be done over long periods, such as several 
hours* Given long processing times and small samples, evaporation 
can be a serious problem, and can cause significant uncontrolled 
changes in liquid concentration, introducing error. Moreover, 
open containers invite problems in cross-contamination. Such 
contamination can be from carryover with pipette operation and 
also from evaporation and condensation. 

Another very serious problem with apparatus of the prior art 
is that such apparatus typically uses throw-away pipette tips, 
with a new tip being used for every pipette transfer. Such a 
system has to provide for discarding tips after use, a waste 
container to recieve the discarded tips, storage for a large supply 
of fresh tips for use, and apparatus and control schemes for 
making the tip changes between liquid transfers. The apparatus 
and extra motions result in greater error than woidd result if a 
single tip could be used. Moreover, the need for discarding a tip 
and loading a new tip for each liquid transfer is time consuming, 
making the overall processing time more than would be necessary 
if a single tip could be used. 

What is needed is automatic robotic apparatus for doing liquid 
transfers with very small quantities of liquids, and in a manner 
that avoids carryover and evaporation. Such an instrument needs 
to be modular in nature so that container stations may be 
interchanged, with modular stations for holding containers so that 
such operations as sample preparation and cleaning may be done 
off-line. There need to be methods for operation of such 
apparatus that allow a relatively l6urge number of samples to be 
processed at a time, with sampl s and reagents placed in a close 
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array tx> preserve space. The robotic actions need to be rapid to 
minimize overall processing time and extremely accurate to be able 
to access many small sites* Such a system also must incorporate 
robotic techniques to approximate human handling of pipette tips 
to accomplish adequate accuracy when operating with very small 
volumes of samples and reagents, and also when handling viscous 
liquids. The apparatus needs to provide a single pipette tip that 
can be reused to avoid the clumsy, time-consuming, and error- 
prone process of frequently discarding a tip and loading a new 
tip, and the problems of cross-contamination caused by single tip 
use must be addressed. The apparatus and associated methods of 
operation also must minimize evaporation and cross-contamination. 
Such an apparatus needs to be integrated with a control system 
that allows an operator to easily and quickly set up procedures 
with different variables, different step sequences, and different 
samples and reagents. 

Also needed is laboratory apparatus based on such a liquid 
handling system to incorporate further techniques, such as 
temperature control and a separation station, to be able to fuUy 
automate specific chemistry protocols such as for gene detection 
and DNA sample purification. 

Summary of the Invention 

In accordance x^dth the preferred embodiments of the present 
invention there is provided a Hquid-handling instrument to 
transfer liquid between containers supported on a worksurfcwe. 
The instrument has a pipette system for aspirating and dispensing 
liquid and a robotic translation system for moving the tip of the 
pipette into and out of the containers. There is a washing device 
for washing the pipette tip between transfers of liquid to avoid 
cross-contamination and a control system for programming steps 
for liquid transfers and for controlling the instrument. The 
pipette system has a sensing system to sense and communicate 
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proximity of the tip to surfaces on the instrument to the control 
system. In one embodiment the sensing system has a conductive 
tip connected to a capacitance sensor. The sensing feature lets 
the robotic system move the tip with the precision needed for 
aspirating and dispensing very small volumes of liquid. 

In another embodiment there is a gaugeblock registered to the 
worksurface for use in calibrating the control system relative to a 
precise position on the worksurface. The worksurface also has 
registration cavities so modular stations may be substituted on the 
worksurface without losing position integrity, which provides for 
cleaning and sample setup off-line. 

The instrument has two syringe pumps connected to the 
common tip, and the pumps have different capacities, so course 
and fine aspirations and dispenses may be made with the same tip. 

The robot in an embodiment is a cartesian device driven by 
electrical drives with two directions of travel in a horizontal plane 
over the worksurface and a third at right angles to the surface. 
The control system has an iconic, user-friendly interface for a 
user to program steps and enter and edit variable values. The 
icons are arranged in a manner that more primitive icons are 
nested in highei^order icons such that higher-order icons can be 
expanded-in-place to show more program detail without losing 
relationship with position in a program. 

A duck-billed closure is disclosed for closing a container to 
minimize exposure of liquid in the container while allowing easy 
access by a needle-like device. A liquid-handling instrument 
according to the invention uses containers with the duck-biUed 
closures to help prevent cross-contamination and evaporation. A 
container with a duck-billed closure is also disclosed for storing 
and transporting liquids. 

An automated laboratory of the present invention for 
performing chemistry protocols is based on the liquid-handling 
instrum nt and has heating and cooling systems to control 
temperature of samples and r agents during processing. The 
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laboratory has a heated and cooled incubation station with coated 
container cavities and a latching, sealing Ud for sealing container 
cavities while incubating. The laboratory also has a magnetic 
station for sepcurating paramagnetic particles from liquids, and the 
magnetic station has a magnet bar moveable vertically between 
rows of containers of liquid. 

A method is also provided to transfer discrete droplets of 
liquid, and another method is provided to aspirate small volumes 
of liquid while minimizing tip contcunination. Yet another method is 
provided to mix liquids effeciently with apparatus according to the 
preferred embodiments. Still another method is provided for 
validating the plficement of elements on a worksurface of the 
present invention. 

Brief Description of the Drawings 

Fig. 1 is a perspective view of an automated laboratory 
according to a preferred embodiment of the invention. 

Pig. 2A is a schematic representation of hardware components 
of a control system in a preferred embodiment. 

Fig. 2B is a schematic representation to illustrate hardware 
and software structure for a control system in a preferred 
embodiment. 

Pig. 2C is an example of a partial script list as used in the 
control system. 

Pig. 2D is a flow diagram showing the flow of primitives for a 
specific script command called Dispense. 

Fig. 3A is a perspective view of a robotic arm assembly for 
movement in the horizontal plane. 

Pig. 3B is a perspective view of a robotic arm eissembly also 
for movement in the horizontal plane, but at right angles to the 
movement of the arm of Fig. 3A. 

Fig 3C is a perspective view, partially in section of a robotic 
assembly for vertical movement. 
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Pig. 3D is a perspective view in section of the vertical 
movement assembly showing additional detaiL 

Fig. 3E is a view of a conductive pipette tip in the preferred 
embodiment. 

Fig. 4A is a plan view of a magnetic station. 

Fig. 4B is an elevation view in section of the plan view of Fig. 
4A with a magnet extended. 

Fig. 4C is a section view similar to Fig. 4B, but with the 
magnet retracted. 

Fig. 4D is a section view of a tube of liquid showing a pipette 
tip and a heliceil path used for mixing liquid. 

Fig. 5A is a view of a computer display showing a high-level 
icon representing an automated chemistry protocoL 

Fig. 5B is an expansion-in-place of the icon of Pig. 5A. 

Fig. 5C is an expansion-in-place of one of the icons of Fig. 5B. 

Fig. 5D is a further expansion-in-pleu^e of an icon of Pig. 5C. 

Fig. 5E is yet a further expansion of an icon of Fig. 5D. 

Fig. 6A is a schematic representation of some steps of an 
example chemistry protocol for the preferred embodiment. 

Fig. 6B is a representation of further steps of the example 
protocol of Fig. 6A. 

Fig. 6C is a representation of further steps of the example 
protocol of Fig. 6A. 

Fig. 6D is a representation of still further steps of the example 
protocol of Fig. 6A. 

Fig. 7A is a perspective view of an assembly of a duck-billed 
closure to a container. 

Fig. 7B is a section through the assembly of Fig. 7A. 

Fig. 7C is another section through the assembly of Pig. 7A at 
right angles to the section of Pig. 7B. 

Fig. 8 is a section view through an assembly of a duck-billed 
closure and a container showing a pipette tip inserted through the 
closure. 

Fig. 9A shows one step of a method for transferring a droplet 
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of liquid with apparatus according to the preferred embodiment. 

Fig* 9B shows another step of the method of Fig. 9A. 

Fig. 9C shows yet another step of the method of Fig. 9A. 

Pig. 9D shows still another step of the method of Fig. 9A. 

Fig. lOA shows one step of a method for aspirating liquid 
using apparatus according to a preferred embodiment. 

Fig. lOB shows another step of the method of Pig. lOA. 

Fig. IOC shows yet another step of the method of Fig. lOA. 

Fig. lOD shows still another step of the method of Fig. lOA. 

Fig. 11 shows a section through a wash station in a preferred 
embodiment. 

Fig. 12 shows a section through a container at an incubation 
station in a preferred embodiment, with a pipette tip inserted into 
the container cavity. 

Description of the Preferred Embodiments 

General Description 

Fig. 1 is a perspective view of a preferred embodiment of an 
automated laboratory (AL) 11 for performing chemical processes 
involved in molecular biology. A computer 13 with a CRT monitor 
15, a keyboard 17 and a mouse device 19 is connected to the AL. 
The computer, CRT display, mouse, and keyboard are hardwea-e 
components of a control system with an operator interface for 
programming the AL to perform sequences of activities, for 
starting and stopping processes and sequences of processes and 
for entering and altering process variables for specific activities. 
In the preferred embodiment the computer is a Macintosh n CX 
computer made by Apple Computer of Cupertino, CA, but other 
computers may also be used. 

In a preferred embodiment of the invention for performing DNA 
sequencing the AL has a closeable, heated, clamped-lid thermal 
cycling station 21, an actively cooled enzyme storage station 23, a 



wo 91/16675 



PCr/US91/02348 



- 11 - 

wash station 25, a reagent storage position 27 for storing and 
presenting frequently used reagexits, a DNA sample stage 28, a 
wash buffer storage 30, and two magnetic particle wash stations 26 
and 29 for manipulating pfioramagnetic pairticles in suspension in 
liquid mixtures. Also shown is a gauge block 24 for use in 
calibrating the robotic drives for the apparatus. The various 
stations are arranged on a worksurface 22. Width Dl of the 
worksurface where aM of the stations are arranged is about 50 cm 
and depth D2 is about 35 cm. The height is about 17 cm. In the 
preferred embodiment the stations on the worksurface are 
registered in accurately machined cavities relative to the gauge 
block so modular stations may be interchanged while maintaining 
information about the position of containers relative to the 
worksurface. 

The magnetic particle wash stations shown are not required 
for the DNA sequencing protocol included in the description of the 
preferred embodiment, but are useful for other chemistries and 
illustrate the flexibility of the apparatus and to provide for ability 
to do chemistry protocols other than the DNA mentioned above. 
For example, a projected use of the apparatus of the invention is 
in purification of biological samples, and the magnetic particle 
wash stations would be used. A portion of the AL at region 46 is 
shown cut away to better illustrate the components in the work 
area. 

Thermal cycling station 21 has a 96 position array of reaction 
cavities in 8 columns and 12 rows. The representation in Fig. 1 
does not show 96 stations for reasons of detail, and the number 96 
is convenient, as it is compatible with the 96 well Microliter plate 
known and used in the industry. There can be more or fewer 
reaction cavities. The reaction cavities are machined into an 
aluminum plate that is electrically resistance heated and also has 
internal water cooling passages and a thermal sensor for feedback 
control. T mperature is controlled in the range from 4 degr es C. 
to 100 degr es C. in the preferred embodiment with 1 degree C. 
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per second rate of change. The reaction cavities are coated with 
Paralene (TM), a largely chemically inert coating for which 
materials and process are available from Solid Photography^ Inc. of 
Melville, N.Y. 

A hinged lid has a polymer undersurface such that, when the 
lid is closed, the reaction cavities are sealed. Each reaction cavity 
has a mcu^hined detail ring to contact the polymer undersurface to 
effect sealing (see element 285, Fig. 13). The lid is closable 
automatically and held closed by a latch in the preferred 
embodiment. Clamping by the latch is necessary to effect an 
adequate seal on the seal ring. Various kinds of lid drives, such 
as motor and pneumatic drives are useful, and various kinds of 
latches may be used, such as mechanical or magnetic. Sealing 
prevents evaporation, which helps to preserve liquid volume 
integrity and prevent vapor cross-contamination. 

Enzyme storage station 23 has three 2 by 8 position arrays for 
1.5 mL screw-top tubes, such as available from Sordstadt. The 
block at station 23 has cooling passages for maintaining 
temperature of stored enzymes at 4 degrees C. with a tolerance of 
1 degree C. Although not shown in Fig. 1, a top closure is 
provided for station 23 with holes in the same array as the 48 
tube positions, and the holes are slightly larger in diameter than 
the pipette tip. The top closure helps to maintain the lower 
temperature desirable for enzyme storage and holds the tubes in 
place. 

Wash station 25 is for washing the pipette tip between liquid 
transfers to avoid carryover type cross-contamination. The wash 
station is connected to a waste drain and serves also as a disposal 
station for liquids that must be expelled from a pipette in a 
process protocoL 

Reagent storage position 27 has positions for 1.5 mL screw-top 
tubes and has no active heating or cooling. The number of 
positions is optionaL Tjrpically 48 positions are provided. 

DNA sample stage 28 has 96 positions in an 8 by 12 array for 
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tubes containing DNA samples, also with no active heating or 
cooling. 

Magnetic particle wash stations 26 and 29 each have a 2 by 12 
array for loSmL microtubes, and station 26 has active heating and 
cooling » similar to station 21. Each magnetic station has a three- 
position vertically moving magnet. The magnets are for 
manipxilating parcunagnetic particles used in various protocols to 
capture specific material from solution. 

Weish buffer storage station 30 has positions for storage 
containers for buffer storage. Active heating is provided with 
temperature sensing and controL 

A cartesian transport apparatus 31 moves a pipette needle 33 
of a system for aspirating liquids from containers at the various 
stations and dispensing liquids at the same or other stations. The 
pipette system includes two motor- driven syringe pumps 32 and 34 
in the preferred embodiment. Pump 32 is for relatively course 
transfer, and pump 34 is for transfer of precise amounts of 
liquids. Typically pump 32 has a larger capacity than pump 34, 
and the capacity varies depending on the application. For 
example, pump 32 can vary from 250 microliter capacity for some 
protocols to 5 mililiters for others, and pump 34 typically has a 
capacity from 50 to 100 times smaller than pump 34. The two 
syringes have a common source of diluent. In the preferred 
embodiment TFE tubing is used from the syringes to the pipette 
probe tip, with an internal volume of l.lmL. The probe is fitted 
with a highly polished stainless steel tip that can convey about 5 
microLiter maximum droplet size. 

The probe tip in the preferred embodiment is made part of a 
sensing system for determining when the tip approaches or 
touches a surface. The tip is conductive, and a wire from a 
cap£u:itance sensing device is connected to a an electrical contact 
that contacts the probe tip. A signal is provided to the control 
system whenever the tip contacts a surface on the AL, and with 
appropriate circuitry, known in the art, proximity to a surface 
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may also be detected without actually touching. One use of the 
capacitance sensing tip is to sense the surface of liquids when 
positioning the tip for liquid transfer operations. By sensing a 
liquid surface and at the same time keeping track of the height of 
the tip relative to the worksurface, the liquid level, hence the 
volume of liquid in a container can be determined. Sensing a 
liquid surface also provides information as to when and where to 
aspirate and dispense liquid while minimizing tip contamination. 

Another use for the sensing tip is to examine the physiccd 
nature of the working area over which the sensing tip may pass. 
By passing the tip over the working area at a pre-determined 
height, at which height the tip will encounter no obstacle if all 
parts are in their proper place, one can validate the working area. 
If the tip encounters a surface at any place a siirface should not 
be encountered, it is known that there is a part out of position. 
The control system can be programmed to provide a warning in 
any such circumstance. 

Transport device 31 moves along slot 35 passing over the 
storage and activity stations. The pipette needle is movable along 
arm 37 of the transport device in the direction of eirrow 39 and 
the transport is movable along slot 35 in the direction of arrow 41 
to position the pipette over any container position at any station. 
The pipette needle is translatable vertically in the direction of 
arrow 43 so the transport apparatus is a cartesian XYZ mechanism 
capable of placing the pipette in any container on the AL work 
surface. 

A gauge block 24 in one corner of the work area is used for 
calibrating the control system as to position of the pipette tip. 
The gauge block «ind the active sites on the work area are all 
pinned to the worksurface with accurate known dimensions. The 
stations on the worksurfcu^e are modular in this fashion, such that 
a station can be easily and quickly removed and another put in its 
place, or one kind of station may b substituted for another on 
the worksurface. Making the stations modular and providing 
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accurate registration to the worksurface allows accurate 
calibration of the robotic elements to workstation positions at all 
times* 

The gauge block has a machined surface for each of the three 
directions of movement of the cartesian robot, and by approaching 
and sensing each of the three surfaces in turn with the 
capacitance sensing probe tip, an accurate home position is 
communicated to the control system at the start of each protocol in 
the preferred embodiment- The probe tip can be used in the same 
way to validate positions of stations and elements on the 
worksurface. As an example, if a tube at a particular site is 
wedged out of position in a register opening, such as at too great 
a height above the worksurface, the probe with capacitance 
sensing can be used to determine that fact and communicate it to 
the control, which may then signal for appropriate action. 

The pipette is for aspirating liquid from any one container and 
dispensing it into any another container. With the pipette, 
mixtures of various liquids are made and transported to any other 
container on the AL. The pipette system also serves to agitate 
liquids in a container to accomplish mixing, by repeated aspirating 
and dispensing of the liquid in a container, and in some instances 
by programmed movement of the tip in concert with aspiration and 
dispensing. Wash station 25 is for washing the pipette tip to 
avoid cross-contamination. 

Computer 13, CRT 15, mouse 19 and keyboard 17 are used vdth 
the ROBOTIC INTERFACE referenced earlier, which is a unique 
iconic program, hereinafter called Popframes, to prepare control 
sequences and establish specific characteristics for the various 
activities that make up a complete control sequence, as well as to 
initiate and terminate specific strings of activities. Entries are 
also made at the computer to relate specific positions at specific 
stations on the worksurface with specific samples, such as DNA 
samples, and with specific reagents that are to be stored at 
specific sites. The iconic control program is d scribed in further 
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detail in another portion of this specification titled "ROBOTIC 
INTERFACE". 

Control Fxinctions 

Fig. 2A is a block diagram showing control activities €uid 
modules in the preferred embodiment. There are many other 
control configurations that could be used. Computer 13, keyboard 
17, mouse 19, and display 15 are connected together in the usual 
way, and the computer is connected by communication line 47 to a 
Motorola 68010 Controller PCB 51 located within the AL chassis 
represented by dotted enclosure 49. 

Controller PCB 51 accomplishes high level control functions, 
such as calculations of robot position and interpretation of 
communication from the computer, and translation of the computer 
communication into more fundamental control signals for other 
control hardware. 

The controller PCB communicates by path 53 with Function PCB 
55. The function PCB accomplishes, among other functions, all of 
the Input/Output (I/O) operations necessary in the control 
operations. There are, for example, sensors on the AL to sense 
positions of the robot arm, such as mechanical switches. For 
practical reasons the sensors are operated with AC power and at a 
higher voltage than could be tolerated by the computer. The 
Function PCB monitors the status of position sensors as digital 
data and converts that data to computer level signals for the 
computer part of the control system. 

In addition to the digital I\0 data described above, the 
Function PCB monitors analog data communicated by analog 
sensors on the AL, such as temperature monitoring sensors. The 
Function PCB converts the analog data to data suitable for the 
computer portion of the control system. The Function PCB handles 
all analog-to-digital (A/D) conversion and digital-to-analog (D/A) 
conversion between the computer portion and actuators and other 
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equipment on the AL. 

Function PCB 55 communicates along path 57 with the X-Y-Z 
robot 59, the station modules 61 on the worksurface, the syringe 
pumps 63 and the capacitance sensor probe 65, and also with 
Power Driver PCB 67 through path 69, Communications along path 
57 are primarily sensor data sent to the Function PCB. Signals 
along path 69 are primarily signals from the Function PCB to the 
Power Driver PCB to actuate motions on the AL. 

An AC Input and Power Suppiy chassis 54 in the AL receives 
primary AC power from outside the AL, and has the purpose of 
dividing, conditioning, and providing power to all the power 
requirements on the AL, which it does by virtue of on-board 
power supplies connected to the Power Driver PCB along path 56. 
The Power Driver PCB has the primary function in the preferred 
embodiment of switching power to various drivers on the PCB as 
required for operation, such as to the DC motors that operate the 
X, y, and Z motions of the robot. The power to the various parts 
of the AL is provided primarily along path 58. 

Fig. 2B is a largely schematic drawing to illustrate in greater 
detail how communication passes from the computer, a Macintosh II 
CX in the preferred embodiment, to other control hardware, and to 
illustrate in more detail the structure of software for 
accomplishing the tasks. As mentioned above, and described in 
more detail below, the interface for setup of the AL regarding 
constants and variable values, and for programming protocols, is 
an iconic program called Popframes. 

In Popfraunes, a high level sequence of more basic steps is 
indicated on monitor 301 of the control computer by an icon such 
as icon 303. The lines 305 and 307 extending from the icon 
indicate sequential connection to other icons in a programmed 
protocol, although other such icons are not shown in Fig. 2B. 

Each icon developed for Popframes is associated with a 
command list called a script, and the script for icon 303 is 
represented in Fig. 2B by enclosure 311. When an icon is 
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activated, as in sequential performance of a series of icons to 
perform a protocol, the script for the icon is called in the 
Macintosh hardware. The script is sent to the Motorola 68010 PCB 
in the AL chassis in the preferred embodiment. Fig. 2C is a short 
excerpt from a script list. Script is programming protocol 
available from Apple Computer of Cupertino, CA. and used with 
Apple computer hardware. 

The script sent to the Motorola 68010 microprocessor in the 
preferred embodiment is interpreted there into Forth protocols 
that are themselves lists of more primitive functions for the AL. 
For each script step there is a Forth kernel programmed on the 
68010, and kernel Xist 313 shows a selected few of the kernels. 
Each script step activates a Forth kernel, and a series of 
primitives is performed in an order often determined by setting of 
flags and other variables. Communication from the Forth kernels 
to discrete actuators on the AL is not shown in Fig. 2B. 
Forth is a well known language often used in the art to program 
controls for robotic devices, and there are many reference books 
in the art explaining the structure and use of Forth. 

Fig. 2D is a flow diagram showing a sequence of more primitive 
functions associated with one script step called Dispense, which 
controls dispensing of liquid from the pipette tip. Element 315, 
the Dispense Script command is the start of the sequence, £uid 
there are several decision points, based upon flags that can be 
set. One such is decision point 317, asking if the KissOff flag is 
set. If the flag is set, the procedure follows one path, and if not, 
another path is followed. 

Within the sequence for Dispense the expressions enclosed in 
single quotes are values stored in memory that the software 
accesses and uses to actuate specific functions for which there 
may be a choice. MescendSpeed' for example is a rate of travel 
for the system to use to move the pipette tip downward toward a 
liquid surface. As in common in the Forth language, many of the 
primitives are themselves combinations of even more basic 
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functions. For example, element 319, "move down to 
MispenseLever at full speed is composed of a sequence that starts 
the vertical drive, ramps it up to full speed (pre-programmed), 
ramps it down near the 'dispenseLevel', and stops the drive with 
the pipette tip at MispenseLevel*. 

The Cturtesian Robot 

Pig. 3A is a perspective view of mechanisms for driving 
cartesian robot 31 in the X-direction, which is the direction of 
arrow 41 in Pig. 1. The view of Pig. 3A has the Y-direction and Z- 
direction mechsuiisms removed, so the X-direction mechanisms may 
be better illustrated. 

X-direction motion is provided by a D.C motor 119 that drives 
a flexible gear belt 121. A cast frame 123 supports the X-directdon 
drive assembly, and the frame is mounted by conventional 
fasteners to bauseplate 125, which is the baseplate to which 
stations on the worksurface in Fig. 1 are mounted. The frame is 
positioned precisely on the baseplate by locator pins, such as pins 
127 and 129. 

Motor 119 is mounted to frame 123, and a pully 131 on the 
motor shaft drives an intermediate toothed gear belt 133 which in 
turn drives another pulley 135. Pully 135 is mounted on a shaft 
through frame 123 in bearings (not shown) and drives yet another 
pulley 137. Gear belt 121 extends between driven puUey 137 and 
an idler pulley 139 at a distance greater than the maximum X- 
direction movement, which is about 45 cm. in the preferred 
embodiment. 

A travelling cast carriage 141 is mounted below gear belt 121 
on linear bearings arranged such that the carriage rides on a 
linear guide bar 145, which is fastened also to frame 123. 
Carriage 141 is attached to one side of gear belt 121 by a clamp 
147 such that, as motor 119 causes belt 121 to traverse, the 
carriage is caused to travers along bar 145 in the X-direction. 



wo 91/16675 



PCT/US91/02348 



- 20 - 

Extension 149 from carriage 141 carries optical sensors 151 for 
sensing flags (not shown) fastened to the AL frame to signal 
position to the AL control system. The linear bearings are 
precision bearrings such that the maximum .runout from end-to- 
end does not exceed about »005 inches (.013 cm). 

A serious problem with previous cartesian mechanisms for 
liquid transfers for chemistry protocols is that the resolution and 
repeatability has not been sufficient for accurate probe tip 
placement in small vials and at closely arrayed reaction cavity 
positions. In the present invention, the reaction cavities, for 
example, at station 21 (Pig. 1) are on about 1 cm centers, and the 
diameter of each cavitity at the base is about .12 cm. The shaft 
encoders and bearings used for the X-drive, along with the 
control system, provide resolution of the robot in the X- direction 
of .020 mm. 

Lands 153, 155, 157 and 159 on carriage 141 are machined at a 
constant height to mount mechanism for Y-direction translation. 
Fig. 3B shows the T-direction mechanisms. In Fig. 36, base plate 
161 is the frame for mounting other components, and plate 161 
mounts to carriage 141 of Fig. 3A and travels with that carriage. 
Surface 163 mounts to land 153 of Fig. 3A and surfeice 165 mounts 
to land 157 of Fig. 3A« The surfaces that mount to lands 155 and 
159 on carriage 141 are not seen in Fig. 3B. Mounting plate 161 is 
shown as a flat plate for simplicicty, but is typically a casting 
with reinforcement ribs and the like in the preferred embodiment. 

Y-drive motion is provided by a D.C. drive motor 167 mounted 
to a stand 169, that is fastened to plate 161. The motor drives a 
pulley (not shown) on the motor shaft, which drives a gear belt 
171 around an idler pulley 173 rotatably mounted to a standoff 
near the end of plate 161 opposite the end where the drive motor 
is mounted. A moving carriage 177 is mounted on linear bearing 
179 and constrained to guide along a guide bar 181 affixed to 
plate 161. Carriage 177 is fastened to belt 171 by a clamp (not 
shown) similar to clamp 147 of Pig. 3A, such that as motor 167 
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turns and belt 171 is driven, carriage 177 movee along guide bar 
181 in the Y-direction. 

Although not shown in Fig. 3B, there are optical sensors in the 
preferred embodiment to signal positions of the Y-direction 
mechanism to the control system. A Z-direction mechanism 183 is 
mounted to a guide bar 185 and constrained to guide in a linear 
bearing 187 mounted to carriage 177 to provide motion in the 
vertical, or Z-direction. The Z-direction mechanism is driven by a 
D.C. motor 189 mounted to carriage 177 and turning a pinion 191 
vrhich in turn drives a rack 193 that is fastened to the Z-direction 
mechanism. The Z-direction mechanism protrudes through a slot 
195 in plate 161. Pig. 3C shows additional detail of the Z-direction 
mechanism. 

Block 197 of Z-drive mechanism 183 serves as a frame for other 
components. Rack 193 and the guide bar for the vertical guide 
linear bearing mechanism are attached to block 197. A probe 
assembly 199 with an outer body 213 is slidably engaged in a 
multi-diameter cylindrical bore 201 of the body with clearance for 
a coil spring 203. The bore diameter is smaller at regions 205 and 
207, such that the clearance between the outside of body 213 and 
the guide diameters of the bore is about .1 mm., while the 
clearance in the region for the coil spring is about 1mm. Spring 
203 is captured between a shoulder 209 in block 213 and a 
shoulder 211 on body 213. 

Body 213 is limited in vertical travel by shoulder 215 in block 
197 and shoulder 211 on body 213. The vertical travel against the 
spring is for sensing contact with a resisting surface without 
damaging probe tip 33. Although not shown in Fig. 3C, there is a 
flag and optical sensor associated with the mechanism that signals 
when body 213 is lifted against spring 203. 

Block 197 and body 213 in the preferred embodiment are made 
of an engineering plastic material to be non-conductive, such as 
nylon. There eire several suitable materials. Tip 33 is stainless 
steel and brazed in the preferred mbodiment to a stainless steel 
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cylinder 217 which fits in a bore in body 213. A stainless steel 
thumb nut 219 threads onto body 213 and captures cylinder 217. 
A probe contact 221 connected to wire 223 supplies electrical 
potential to the probe tip, and is captured between thumb nut 219 
and a thumb screw 225, Non-conductive polymer tubing 227 leads 
from the probe tip to the syringe pumps. 

Pig. 3D is a vertical section view of the probe assembly shown 
without the coil spring, contact 221 and the electrical wire. Body 
213 in vertical section is shown engaged in block 197 with 
stainless steel cylinder 217 captured in a bore in body 213 by 
thumb nut 219 which engages body 213 by threads 229. Thumb 
screw 225 is shown threaded into thumb nut 219 by threads 231. 
The contact, which is captured between the thumb nut and thumb 
screw is not shown^ Ferrule 233 is a separate piece for 
establishing a seal between the probe tip assembly and the 
delivery tubing by virtue of pressure applied with the thumb nut. 
Although the coil spring is not shown in Pig. 3D, an optical sensor 
235 is shown that senses movement of body 213 in block 197. 

Further detail of the probe tip is shown in drawing 3E. Probe 
tip 33 is part of a brazed assembly including stainless steel 
cylinder 217. Overall length D7 in the preferred embodiment is 
about 87 mm and the length D6 of cylinder 217 is about 20 mm. 
The diameter D5 of cylinder 217 is about 6.4 mm (.25 inches). The 
tube portion is made of type 304 stainless steel tubing of about 
1.27 mm (.050 inch) outside diameter and about .8 mm (.032 inch) 
inside diameter. For a length D3 at the tip end of about 6.4 mm 
(.25 inches) the tube is narrowed so the inside diameter D4 is 
about .3 mm (.012 inches). Having the diameter at the small 
dimension for only the tip end length is an advantage in that the 
flow resistance of the entire tube length is unaffected. 

In the preferred embodiment the resolution in the X-direction 
is about .020mm, in the Y-direction about .025 mm, and in the Z- 
direction about .015 mm. The control system in the preferred 
embodiment also provides speed ramping that can be varied by an 
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operator through the unique operator interface, and capability to 
program special motions, such as a helical motion in the Z- 
direction to facilitate mixing operations. Such special motions are 
implemented as combinations of two or more of the basic X, Y, and 
Z motions. 

The cartesian robot has a home position in the beu^k, left 
corner of the work area (facing the AL), with the vertical drive at 
the fxiU up position. This home position is determined by optical 
sensors built into each of the three direction mechanisms. For 
more accuracy than is possible with the optical sensor, a home 
position protocol is programmed in which the tip is moved slowly 
to touch each of three reference surfaces on a gauge block (block 
24 in Fig. 1), and the robot position is recorded for each of the 
three points at the time that that capacitance sensing tip touches 
each of the three reference surfaces. This protocol is performed 
typically each time a new chemistry protocol is commenced. 

Magnetic Separation 

In chemistry protocols of the sort for which the present 
invention is intended there is often a need to separate material of 
one sort from other materials in a liquid sample. An example is in 
the purification of DNA samples to be sequenced. One way to 
accomplish separation in many instances is by use of paramagnetic 
particles coated with a substance with an affinity for the product 
of interest of the chemistry protocol. For example, such 
separation can be particularly useful in the context of ligand 
receptor binding, such as with biotin-avidin complexes. 

In the AL, to accomplish this kind of separation, solutions to 
be separated are transferred to vials at one of the magnetic wash 
stations 26 or 29 (Fig. 1). The use of one or the other depends on 
whether heating or cooling during separation and washing is 
known to facilitate the proc ss. Precoated particles suspended in 
a buffer solution are aspirated from a position at one of the 
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reagent storage stations and dispensed into the solutions to be 
processed at the magnetic wash station. 

Fig. 4A is a plan view of wash station 26, with heating and 
cooling capability* There are two rows of twelve tube positions 
each at the station. In the space between the rows of tubes there 
is a magnetic bar 237. Pig. 4B shows a section through the station 
of Fig. 4A taken along section line 4B-4B. Magnetic bar 237 is 
attached by connector 239 through a screw mechanism (not shown) 
to a D.C. motor 241. The motor is driven by the control system to 
move the magnet vertically between the rows of tubes, in the 
direction of arrow 243. 

In the preferred embodiment the magnets used are composed 
of rare earth materials, for example, an alloy of Niobium and Boron 
with iron, to obtain a high strength magnetic field. The field 
strength in the area of the inside of the tubes is about 35 million 
gauss-oersteds* 

In a typical sequence for separation and washing the magnets 
are raised after the paramagnetic particle suspension is added, 
and the particles are attracted into closely packed regions that 
are eventually located near the bottom of the tubes as shown by 
regions 245 and 247. The ability to move the magnetic bar for the 
full height of solution in the tubes and to stop it at various points 
allows the entire solution volume to be swept by the intense field 
and the particles to be collected into a small area efficiently. It is 
also advantageous to use a long tube with a small diameter as 
opposed to a shorter tube with a larger diameter, because the 
paramagnetic particles have a shorter distance to travel through 
liquid to be collected. By slowly lowering the magnetic bar the 
collected particles are moved to the bottom of the tube. 

After moving the particles to the bottom, typically the 
remaining solution is drawn off €ind transferred to a waste 
container or discarded at the wash station to waste. It is not 
possible, however, to aspirate all of the liquid in the tube, leaving 
only the particles and the adhered product. To avoid 
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contamination three w«ush cycles are typically accomplished. 

For a wash cycle the magnetic bar is withdrawn to a lower 
position where the field from the bar will not effect the particles 
in suspension, as shown in Pig. 4C. The cycle starts with the 
particles at the bottom of a tube as shown by position 251 in Pig. 
4D, Then wash buffer is aspirated at station 30 and dispensed 
into each of the tubes at the magnetic wash station where 
separation is being done. 

Typically, to help re-suspend the particles, the wash buffer is 
added with a programmed helical motion from near the bottom of a 
tube until all of the buffer is added, imparting a stirring action as 
the buffer is added. Fig. 4D shows a vertical section of one of the 
tubes of Pig. 4C and the pipette tip of the AL. The helical motion 
of the tip while dispensing wash buffer is approximated by path 
249, and is pre-programmed using motions in all three directions 
X, Y, and Z. After adding the buffer, if another wash cycle is 
programmed, the magnetic bar is raised again to re-collect the 
particles. The action can be repeated as often as necessary, and 
is typically done four or five times. 

Robotic Interface 

A unique program is run on the computer in the preferred 
embodiment to create control programs, enter and edit variable 
values, and to initiate and terminate process sequences. The 
program, hereinafter called Popframes, is an iconic program that 
employs graphic symbols caUed icons to represent processes, 
process steps, and other activities, and is described in copending 
patent application entitled ROBOTIC INTERFACE, Serial No. 
07/423,785 referenced earlier. Popframes provides a unique user 
interface that is useful for handling hierarchical information and 
for controlling many kinds of process machines and equipment. 

Popframes has a s t of routin s allowing a user to select icons 
r presenting various activities and to organize the icons into flow 
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schematics representiag process flow, with the icons connected on 
the display with lines. The icons may also be nested such that a 
relatively complex sequence of activities may be represented by a 
single icon, and the single icon may be expanded in place to show 
a connected sequence of icons representing steps in the more 
complex sequence. The second level icons may also consist of 
sequences of other icons, also expandable in place, until, at the 
lowest level, icons represent fundamental process steps. The 
fundamental steps in the preferred embodiment are typically 
themselves sequences of even more basic activities. For example, 
a fundamental step may be a direction by the program to the AL 
to send the robot arm to a specific position at the DNA stage, 
station 28 in Fig. 1* The command from the computer to the 
electronics interface is equivalent to "Go to position X at station 
28." The position is a known site to the control system, and 
sensors tell the control system where the robot arm is before the 
move. Quick calculation determines the magnitude of the X, Y and 
Z moves to reach the destination from the starting point. The 
system then accomplishes the necessary drive sequence with 
default acceleration and velocity. 

Fig. 5A shows a screen display 69 in Popframes with a program 
icon 71 for the Taq DNA sequencing protocoL The single icon 
represents all of the steps and procedures of the protocol of 
sequencing DNA templates by the Taq procedure described above. 
A screen cursor 73 is movable over the area of the screen by 
moving mouse device 19 over a surface. This is a phenomenon 
very familiar to those skilled in computer arts. 

By placing the cursor at the top-level Taq icon and pressing a 
button on the mouse twice, a procedure known in the art as 
"double cUcking", a user can expand the Taq icon to see other 
icons representing more detail of the Taq DNA sequencing 
procedure. 

Fig 5B shows the result of expanding the Taq icon in place. 
There are then eight icons shown in an orderly sequ nee 
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representing eight sequential parts of the overall procedure. The 
eight are: Load 75, Setup 77, Anneal 79, Transfer d/dd 81, 
Transfer Taq 83, Incubate 85, Pool 87, and Shutdown 89. The Taq 
program icon is represented in the expansion by a box 91 
surrounding the eight icons shown in sequence. There is a 
hierarchical relationship between the original icon, which is at the 
top of the hierarchy, and the sequence of eight icons of Fig. 5B, 
which are at one level below the top level icon. The labeling of 
the surround box: Taq, preserves the relationship so information 
is not lost. 

A user can reverse the expansion process, collapsing a 
sequence of icons into a higher level icon. The method is by 
clicking on the close box 93 at the upper left corner of the Taq 
box within which the eight icons appear. Clicking means that the 
cursor is moved to the close box, and the mouse button is pressed 
once. The expansion then collapses back to the original Taq icon 
at the highest level. The highest level icon does not have a close 
box, because none is needed, but boxes at all levels below the 
highest level do have close boxes. 

Fig. 5C shows the expansion result initiated by double clicking 
on the Incubate icon in Fig. 5B. After expansion, the Incubate 
process is seen to be composed of two distinct steps, step 95 to 
cycle 10 minutes at 70 degrees C, and step 97, which cycles the 
temperature after 10 minutes at 70 degrees C. to 10 degrees C. In 
Fig. 5C the Incubate icon has become the surround box 103 with a 
close box 101. The heirarchical relationship of the entire program 
is still preserved. 

The expansion of step 95 by double clicking illustrates yet 
another feature of the iconic progam in the preferred embodiment. 
Fig. 5D shows the expansion of step 95 as a variable-entry box 
105. Box 105 is at the lowest level of the heirarchical 
relationships in the iconic scheme, and provides several text fields 
for entering information for the computer to follow when 
performing the step. Rack entry field 107 allows a user to enter 
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the name of the rack where the temperature cycling is to be done. 

A user makes an entry by clicking on the text field, which 
enables the field for entry, then entering the designation of the 
rack from the keyboard* The entry field, while entry is being 
made, works much like a word processor* If a mistake is made, 
the backspace key allows the user to correct the error. 

Temperature field 109 is for setting the temperature for the 
temperature step. Ramp field 111 is for setting a ramp rate for 
changing the temperature. Hold field 113 is for entering a time 
for holding the temperature at the set temperature. Failsafe field 
115 is for entering a temperature range for deviation from the set 
variables without aborting the process. 

At the point in expansion illustrated in Fig. 5D, the expansion 
has become too broad to be shown on the screen, and the Taq 
surround box shows terminated at the right edge of the screen. 
By placing the cursor inside the Taq surround box, holding down 
the mouse button and moving the mouse, a user can move the 
display to show the hidden portion at the right. This is a process 
caUed panning in the art. By panning a user c€ua still see all of 
an expanded program, so information about the heirarchical 
relationships of the program is always preserved. 

The description above for the Taq sequencing protocol shows 
only a few of the expansions possible for that particular program. 
At the lowest level of expansion of each of the other icons there is 
a variable-entry box. For example, at the lowest expansion level 
of the setup box, there is a variable-entry box with fields for the 
user to relate specific sites at each station to specific samples and 
reagents that are to be loaded for the analytical sequence. 

In addition to the ability by text entry fields to vary many 
process parameters within a particular protocol, like the Taq 
sequencing protocol, there is also an ability to alter the steps and 
the sequence of steps, and to create entirely new and different 
programs. Functions for program creation and alteration are 
listed under menu headings in a menu bar, normally hidden from 
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the user* With an appropriate key combination the menu can be 
displayed. Fig. 5E shows Pig. 5D with programming function menu 
bar 117 displayed. 

There are, in the preferred embodiment, eight drop-down 
menus in the menu bar, labeled Setup, Tools, Run, Special, View, 
Edit, Pile and another headed by an Apple icon. The functions of 
these menus are further described in the co-pending ROBOTIC 
INTERFACE specificationo 

Procedure Emmple 

Figures 6A, C and D illustrate a typical biochemical 
procedure performed on the AL in the preferred embodiment, and 
is illustrated both as an example of use and as a basis for further 
description of apparatus and methods in preferred embodiments of 
the invention. The example illustrated is a proprietary Applied 
Biosystems, InCo, protocol based on the Sanger termination method 
for DNA sequencing with Taq polymerase, performed on one single- 
stranded DNA template. 

Each column in Fig. 6A, 6B, 6C and 6D represents one step in 
an automated protocol, with the progression of steps numbered at 
the top of the columns, reading from the left to the right through 
the four figures. The liquid volume dispensed to a container in 
any operation is listed to the right of the container, and the total 
liquid volume in the container is in parentheses. The protocol 
involves only three mechanical functions in the automated system: 
robotic positioning of the pipette tip, small-volume liqidd handling 
through and with the pipette tip, and heating and cooling. 

The user begins the chemistry by loading tubes of the DNA 
template to be sequenced and the necessary reagents in the 
robotic system. The DNA sample tubes are loaded to station 28 
(Pig. 1), the DNA stage in the preferred embodiment. In the 
particular protocol illustrated there is a requirement for four 
samples of th same DNA template. Tj^ically, s veral different 
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DNA templates would be sequenced, and the 96 position £Lrray at 
the DNA stage in the preferred embodiment allows 24 different 
templates to be sequenced at the same time. 

In the Popfx-ames software system used to control the AL in 
the preferred embodiment there is facility to relate specific sites 
at specific stations with DNA templates and reagents, so the 
system "knows" where to find templates and reagents, and there 
is facility also, for programming sequences such as the Taq gene 
scanning sequence described, so the system "knows" what steps 
to perform in what order. It is assumed in this example that the 
programming has been done for Taq sequencing. 

In steps 1 through 6 dye-labeled primers are annealed to the 
DNA template. In step 1 DNA template is moved from the DNA stage 
to containers at the thermal cycling station 23 (Fig. 1). One 
template is prepared for each of the four base types A, C, G and 
T. Taq sequencing buffer is moved in step 2 from reagent storage 
station 27 to the containers at the thermal cycling station in the 
amounts shown in the figure. In step 3 the dye-labeled primers 
are added, and in step 4 pure water is added to each reaction 
container. 

At step 5 the lid is closed at station 21, heat is applied, and 
the dye-labeled primers are annealed to the DNA templates at 55 
degrees C. for 5 minutes. In step 6 the reaction containers are 
cooled at 20 degrees C. for 20 minutes. In steps 7-14 the Taq DNA 
polymerase synthesizes complimentary DNA chains along the DNA 
templates to the dideoxynucleotide terminations. The Taq enzyme 
is deactivated in the alcohol precipitation of steps 15- 18^ At step 
18 the product is ready for flourescent sequencing by gel 
electrophoresis. 

In the process described here for 24 templates processed in 
parallel, the robot makes 751 moves, or 31 moves per template. 
For laboratories that process up to hundreds of samples per week, 
the number of necessary moves provides motivation for automating 
the protocol. In this particular protocol the magnetic wash 
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stations are not needed, but they are useful in other protocols, 
such as gene scanning. 

Another example of a specific molecular biology processes that 
the apparatus has been used to perform is provided in the section 
of this specification titled "Appendix A - A Further Application 
Example The examples presented are not intended to limit the 
application of the apparatus, which is useful for many other 
procedures in chemistry. Applications comprise automated specific 
gene detection, automated nucleic acid sequence detection, and 
automated fluorescent labelling of nucleic acids, among other 
procedures* 

Liquid Handling 

All of the robotics in the AL are involved with handling of 
small volumes of liquid to accomplish chemistry protocols. Some of 
the liquids are quite vicous, such as genomic DNA. Others are 
much less viscous, such as water. A significant difference from 
previous equipment is in the fact that the AL of the invention 
uses a single pipette tip rather than throw-away pipettes as is 
typical in previous machines. Also in the preferred embodiment 
unique equipment and methods are employed to reduce evaporation 
to a minimum and to facilitate handling of samples and reagents to 
and from the AL. 

Pig. 7A is a perspective view of a tube closure 253 used in the 
invention to prevent evaporation of materials during processing, 
and to provide other advantages. Closure 253 is called a duck- 
billed closure, and is shown assembled to a tube 255 of a sort 
often used for samples, enzymes and reagents. Closure 253 is 
molded from a flexible material, typicaDy butyl rubber in the 
preferred embodiment. Such duck-billed closures are a feature 
useful in many, but not necessctrfly all, applications of the present 
invention. The closures ar most usefvil in embodiments where 
problems related to evaporation ar potentially more serious than 
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in other applications* 

Pig. 7B is a vertical section of the tube and closure shown in 
Fig. 7A along the section line 7B-7B. Pig. 7C is a vertical section 
of the s£une assembly along the section line 7C-7C, taken at a right 
angle to section 7B-7B. 

The duck-billed closure in the preferred embodiment has a 
seal portion 252 with a cavity, usually circular, for enclosing the 
upper rim of a container to be closed. There is a flexible duck- 
billed portion 254 extending into the container from above, such 
that a needle-like device, such as the probe tip in the preferred 
embodiment, may be easily inserted from above and withdrawn to 
access liquid in the container. When the probe tip is inserted, the 
duck-billed closure remains urged against the tip with a bare 
minimum of opening for possible escape of liquid or vapor. When 
the tip is withdrawn, the duck-billed closure closes, and 
effectively prevents liquid or vapor escape. 

The outside diameter D8 of the closure in the illustrated 
embodiment is about 13.2 mm. Dimension D9, the width of the 
duckbill portion is about 4.8mm. The height DIO of the duckbill 
closure is about 7.1 mm. The included angle Al of the duckbill 
portion is about 45 degrees. The wall thickness Dll of the 
duckbill portion is about •25mm. These dimensions are for a 
closure for a particular tube, and will vary depending on the tube 
to be closed. Other embodiments will have different dimensions. 

Fig. 8 shows the tube and closure of Fig. 7A, B, and C with a 
probe tip 33 inserted. The tip can penetrate the closure from 
above with little effort and be withdrawn with UtUe effort as well. 
In penetration or withdrawal there is no mechanism or motion 
involved more than is involved if there is no closure at all, and 
the duckbill is caused to open only the exact amount needed to 
admit the probe. In other closure schemes, such as a snap-on lid, 
additional mechanism and robotic control must be provided to open 
and close the Ud for access to the contents of a tube. The 
duckbill closure effectively prevents evaporation, eliminating 
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inaccuracies and cross-contamination that evaporation can cause. 
At stations where heat is applied the duckbill closure not only 
prevents evaporation, but effectively seals against small buildup 
of pressure Inside the tube* 

There are other advantages to the duckbill closure. For 
example, reagents and other materials used in the AL can be 
packaged for transport with the duckbill closure in place, 
avoiding need to transfer the contents from one container to 
another during setup of the AL for a protocol. This is useful 
because it is very common to use a device like the AL at one site 
and to prepare samples and other materials at another. Moreover, 
most reagents are prepared by supply houses and sold to 
laboratories, who seldom prepare their own. The use of a duckbill 
closure in the original packaging can avoid potential for error and 
contamination. In the process of packaging with a duckbill 
closure^ a secondary secure cap can be applied for shipment and 
removed at the use site without disturbing the contents. 

Another advantage of the duckbill closure is that tubes can be 
removed from the AL after chemistry protocol and transferred 
directly to a centrifuge in those cases where centrifuging is 
desirable. 

As was explained above, handling a very small volume of liquid 
very accurately with a pipette is a delicate and exacting 
procedure. It is no simple task manually, and the difficulty of 
duplicating the manual procedure sufficiently accurately has been 
an impediment to the development of useful robotacs for 
automating laboratory procedures. The advances of the present 
invention, particularly in the area of robotic position resolution 
and repeatability and delicacy of maneuvering, combined with 
accurate capacitance surface sensing, have made it possible to 
develop programmed techniques to accomplish very accurate liquid 
transfers, both aspiration and dispensing. One such technique 
developed for the present invention is droplet conv yance, and 
has been called the "kiss off" technique. It is used to avoid 
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problems associated with droplet formation and as a technique for 
transferring known volumes of liquid in discrete droplets from one 
container to another on the AL. 

Pig 9A shows the pipette tip 33 in the preferred embodiment 
with a droplet 257 of liquid formed on the end. The tip and 
droplet are shown positioned over a vial 259 containing a liquid 
having a surface 261. A droplet is typically formed by aspirating 
liquid with the pipette, then driving a syringe pump to dispense 
just enough liquid to cause a droplet to form. The size of the 
droplet is determined by such factors as the diameters and 
material of the pipette tip, the angle, if any, on which the tip is 
cut, the material to be pipetted, the volume driven by the syringe 
pump, the temperature, and other factors. 

In the droplet conveyance technique the probe tip with a 
droplet on the tip is lowered to a liquid surface, and the probe tip 
is stopped just as the droplet touches the surface. The point at 
which the droplet touches the liquid surface is known by the 
capacitance sensing ability of the robot control. The robot waits 
while the droplet transfers to the liquid, a process known as 
confluence, then the tip is raised. Pig. 9B shows the pipette of 
Pig. 9A lowered toward vial 259 to the point that droplet 257 just 
touches liquid surface 261 in the viaL 

Fig. 9C shows the situation a fraction of a second after the 
droplet touches the liquid surface. The droplet is merging with 
the liquid in the vial and is still adherent to the tip by virtue of 
the surface tension of the liquid. Fig. 9D shows the situation 
after raising the tip. The liquid surface has separated from the 
liquid still in the pipette tip and from the pipette tip, leaving only 
a small miniscus 263 at the end of the tip. The droplet 
conveyance technique is used in the preferred embodiment to 
transfer discrete volumes of liquid as small as 1 micro-liter. 

The kiss-off technique is a series of movements for the AL 
that are programmed into a reusable sequence with an icon, and 
can be placed in new sequences as required using the Popframes 
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programming interface described above. 

Another liquid handling technique that has been developed in 
the preferred embodiment is a technique of accurately aspirating 
liquids with the pipette tip while minimizing contamination of the 
tip. The technique is particularly applicable to handling viscous 
liquids, which are generally more troublesome in liquid handling 
than are less viscous liquids. Figs. 10 A, B, C, and D show the 
steps used in this technique. 

First, probe tip 33 is positioned over the surface 265 of a 
liquid to be aspirated, as shown in Fig. lOA. Next the tip is 
lowered to touch the surface, sensed by the capacitance sensing 
ability associated with the probe tip, as shown in Fig. lOB. 
Aspiration of a progreimmed amount is accomplished slowly, 
typically at about 1 micro-liter per second, while the tip is at the 
surface as shown in Pig. lOB. The rate of aspiration is set to suit 
the viscosity of the liquid to be aspirated. If the amount to be 
aspirated is quite small relative to the volume in the contedner, 
then the tip position will not have to be adjusted vertically during 
the aspiration. If, however, the amount to be aspirated is large 
enough that the position of surface 265 might change enough to 
cause a problem, the position of the tip can be adjusted downward 
during the aspiration to maintain the relationship of the tip to the 
liquid surface. Alternatively, after the surface position is known 
by the capacitance sensor, the pipette tip can be lowered a fixed 
small amount to penetrate the liquid surface a minimal amount 
before aspiration begins. 

After the liquid is aspirated, the probe tip is slowly 
withdrawn, typically at a rate of about 1.5 mm per second. As the 
tip is withdrawn, initially liquid still clings to the tip as shown in 
Fig. IOC, and this condition varies depending on the viscosity and 
surface tension of the liquid. The tip and the liquid separate as 
withdrawal continues, as shown in Fig. lOD. The probe is then 
moved to wherever is required to dispense the liquid that has 
been aspirated. The aspiration technique is a series of movem nts 
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for the AL that are programmed into a reusable sequence with an 
icon, and can be placed in new sequences as required using the 
Popframes programming interface described above. 

For liquids with low viscosity, such as water, it is frequently 
desirable to aspirate an air gap at the pix>ette tip after aspirating 
a voliime of liquid, so movement of the pipette by the robot does 
not cause liquid to be dislodged from the pipette. 

To avoid contamination, previous robotic devices have typically 
relied on discarding pipette tips after a single use, and in many 
cases on discarding vials and other containers as welL For 
example, in the incubation portion of the Taq DNA sequencing 
protocol used as an example in this specification, materials are 
moved to a closable-lid incubation station where the reaction 
vessels are machined into a coated aluminum plate. One of the 
reasons for having the reaction vessels machined into the plate is 
to provide a good heat transfer path to the liquid material to be 
heated in a reaction vesseL In prior devices the possibility of 
contamination is handled by throw-away hners or disposable 
reaction vessles, but disposable vessles lead to variability in 
heating and cooling. 

The use of disposable pipette tips presents more than one 
difficulty. Capacitance sensing for calibration, surface sensing 
and other purposes is rendered difficult or impossible with 
disposable tips, particularly plastic tips, so accuracy cannot be 
attained and maintained. Further, there are many transfers to be 
made in a useful protocol, as described above, so as many as a 
thousand disposable tips would have to be stored, and the ability 
to dipose and replace the tips has to be programmed. Moreover, 
the process with disposable tips requires much more time, space, 
mechanism, and attendant possibility of error. 

In the present invention advances in robotic equipment and 
technique, such as capacitance surface sensing and the Popframes 
programming and operating interface, make it more practical and 
easier to operate with a single pipette tip and to wash the tip 
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between liquid transfers. Washing is adequate to avoid 
contamination, in part because of the liquid hcmdling techniques 
described above, which limit exposure of the exterior of the tip to 
the liquids being handled. 

In the preferred embodiment wash station 25 is used as needed 
between liquid transfers to cleanse the tip before a different 
reagent or sample material is transferred. The tip can be washed 
both inside and outside. Fig. 11 shows the pipette tip in position 
to wash the tip at wash station 25. The wash station includes a 
body 279 with a fountain 271, a well 273 and a drain 275. Body 
279 is shown in section so the position and nature of other 
components may be seen. The fountain is a generally cylindrical 
bore of a depth and diameter such that wash buffer dispensed 
from the pipette tip will backflow and wash the outside of the tip. 
In the preferred embodiment the tip dimensions may vary for 
different protocols and purposes. In one case the tip is about .6 
mm in outside diameter for a length from the end of about 6 mm. 
For this particular tip the depth of the fountain D12 is about 6 mm 
and the diameter D13 about 1.2 mm. The requirement is to provide 
an annulus for liquid backflow around the outside of the tip to 
backwash the outside of the tip beyond the length that will be 
inserted into a liquid on the AL« 

Wash buffer dispensed from the pipette tip at the wash station 
to cleanse the tip backflows vertically in annulus 277 and spills 
over into well 273, where it drains through drain 275 to a waste 
container below the worksurface in the AL. The wash station 
serves also as a waste disposal station. For waste disposal from 
the pipette tip without washing the tip, the tip is positioned over 
weU 273 and the waste is dispensed to drain 275. For waste 
disposal it is not needed to i>osition the tip in the fountain. 

Fig. 12 is a section through one of the reaction vessels 281 at 
incubation station 21 with the pipette tip shown inserted into the 
V ssel. The reaction vessel is machined with sloping sides such as 
side 283, a raised lip 285, and a cylindrical chamber 287. In the 
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preferred embodiment the material for the plate is aluminum, for 
the desirable heat transfer characteristicsi and the surface is 
coated with Paralene (TM) before use so the aluminum cannot react 
with the materials placed in the reaction volume. The Paralene 
coating is not shown in Fig. 12. 

The reused lip is so the lid, which has a sheet of flexible 
material on the undersurface, butyl in the preferred embodiment, 
will seal to the reaction vessel when the Hd is closed. Chamber 
287 is where material is actually deposited and where reaction is 
£tccomplished. 

The plate at station 21 into which the reaction vessels are 
machined is a replacable modular unit, so plates can be assembled 
to the AL with reaction vessels of different sizes for different 
purposes. The vessel shown in Pig. 12 is for reaction volumes of 
about 50 micro-liters. Diameter D14 is about 1.25 mm and depth 
D15 is about 1.52 mm. Total depth D16 is about 8 mm, diameter D17 
is about 6 mm, and angle A2 is about 40 degrees in the embodiment 
shown. 

Material is deposited in chamber 287 for reaction, and removed 
from the chamber when reaction is complete. Before another 
reaction can be accomplished with possibly different materials 
entirely, the chamber has to be cleaned, which is accomplished in 
much the same manner as the cleaning of the pipette tip at station 
25 described above. First a quantity of wash buffer is aspirated 
at storage station 30 (Fig. 1), then the pipette tip is moved to the 
reaction vessel as shown in Fig. 12. Wash buffer is dispensed into 
chamber 287 and backflows in the anniQus between the tip and the 
wall of the chamber, similar to the action at the wash station. The 
volume above chamber 287 is large enough for a relatively large 
volume of buffer to be used in the process. After the washing 
action, the residue is pipetted to waste at station 25. It has been 
determined in practice that the reaction chambers can be washed 
up to five times emd reused before the plate at the incubation 
station has to be replaced to avoid contamination. 
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Appendix A - A Further Application Example 

There is a great need for automation in molecular biology (1), 
but most workers have adapted general-purpose robotic devices to 
the need (2), with less than satisfactory results. This application 
example describes a commercially important procedure performed 
with apparatus according to the present invention, illustrating the 
utility of the invention. There are many other procedures that 
may be accomplished with the apparatus as described, or with 
minor modifications. Reference numbers are provided in 
parentheses throughout the example, and a reference list is 
provided at the end of the example to provide direction further 
b5ickground information. 

Southern blotting, a very widely practiced technique in the 
molecular biology laboratory, is used to determine the length of 
DNA fragments homologous to a particular DNA probe {3)» It has 
proven extremely valuable in tracking genetic diseases and 
identifying the presence of specific forms of genes in complex 
samples such as human genomic DNA (4,5). The specific chemical 
steps required for Southern blotting (such as blotting transfer to 
membranes, membrane handling, and autoradiography) are not 
amenable to automation, though some attempts have been made (6). 
A novel chemistry has been developed which produces results 
equivalent to those from a Southern blot experiment; the process 
is solution based which allows for total automation by a liquid 
handling robot. The details of this chemistry are described 
elsewhere (7,8). An essential difference between Southern blotting 
and this new approach is that the order of the electrophoretic size 
separation and hybridization are reversed. The new liquid-based 
methodology involves the following steps: 1) genomic DNA is 
simultaneously digested with a restriction enzyme and 
fluorescently labeled; 2) the genomic DNA is denatured and a 
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biotin labeled probe is hybridized in solution to specific target 
molecules within the population of restricted genomic DNA 
fragments; 3) the specific hybrids are captured onto the surface 
of streptavidin functionalized paramagnetic particles while the 
remainder of the restricted genomic DNA population is not; 40 
non-specific genomic DNA molecules in solution and bound to the 
particles are removed by stringent washing; 5) the captured 
hybrid/paramagnetic particle complexes are loaded directly into 
the well of a denatuxring electrophoresis gel and the released 
labeled target molecules are detected when they electrophoreses 
past a laser scanned region a defined distance from the sample 
loading well; 6) collected fluorescent light is measured and the 
resultant data is analyzed. Other workers have described 
techniques where hybridization precedes electrophoresis but these 
techniques did not produce results where the length of the 
fragments analyzed could be correlated exactly to fragments in a 
Southern blot (8,9). 

The chemical methodology described above lends itself to 
automation with a robotic liquid handling system according to the 
present invention, and yields the information equivcJent to that 
obtained from the Southern blotting technique. Automation of a 
DNA diagnostic application for sex typing using apparatus 
according to the invention is described, involving detection of a 
repeat sequence in the DYZI locus on the Y chromosome (11). The 
repeat unit length is 3.6 kb, £md anywhere from tens to thousands 
of the repeat units may be present in tandem depending on the 
nature of the DNA sample. The usefulness of this Y-chromosome 
repeat detection for the clinical chemist lies in its ability to 
identify quickly the presence of male DNA in unknown samples. It 
can serve both as an Initial screening before further expensive 
testing or simply as a positive control in forensic or X-linked 
genetic disease testing. A single Eco RI repeat from this genetic 
region has been cloned into a plasmid vector and used 
successfully as a hybridization probe to detect the presence of 
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male DNA (12). Detection of this Y-chromosome repeat is typically 
done using the conventional Southern blotting procedure. 

Reagents used in the Procedure 

Human genomic DNA is extracted from either lymphocyte blood 
fraction (13) or two different harvested cell line cultures (Raji, 
black male; R562, Caucasian female; American Type Culture 
Collection, Rockville, MD (14) using a model 340A Nucleic Acid 
Extractor (Applied Biosystems, Inc. (ABI), Poster City, CA). 
Extracted DNA is dissolved in 1 mL sterile deionized water and its 
concentration determined spectrophotometrically (1.0 A at 260 nm = 
50 micro-g/mL DNA). The DNA is diluted with sterile deionized 
water to a final concentration of 0c2 micro-g/micro-L. 

Oligonucleotides are synthesized by the phosphoramidite 
approach (15) using a Model 381A DNA Synthesizer (ABI) at Oo2 
micro-mol scale (16) with (2-0-cyanoethyl)-phosphoranudites (ABI), 
Crude ammonia hydirozylates are purified by Oligonucleotide 
Purification Cartridges™ (ABI) (17), evaporated to dryness, and 
stock solutions are prepared by dissolving in 1 mL sterile 
deionized water. Oligonucleotide concentration is determined 
spectrophotometrically from a dilution of the stock (1.0 A at 260 
nm = 33 micro-g/mL DNA). 

The unlabeled oligonucleotide used for probe labelling ("Rsa I 
ligald") has sequence 5' TCA ACA TCA TAA CIG AAA A 3' and is 
diluted to a final concentration of 5 pmol/micro-L. 

A 60 base length oligonucleotide containing ten fluorescein 
molecules ("[F]60mer") is prepared from the sequence 5' CTT TTC 
TTT TCT TTT CTT TTC TTT TCT TTT CTT TTC TTT TCT TTT CAG 
TTA TGA TGT TGT 3' and is used for target labelling. The 
unlabeled oligonucleotide is reacted with metabisulfite/EDTA to 
modify citosine residues for attachment with 6-Methyl-fluorescein- 
N-hydroxysuccinimide ester (18). The product is HPLC purifi d 
and its concentration determined spectrophotometrically by a ratio 
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of dye to DNA absorption (19). 

A biotin labelled oligonucleotide ("[B]30iner") is used for probe 
labelling. It is synthesized in the same fashion as described 
above with the sequence 5" TXX XTT TTT TTT TTT TTA GTT ATG 
ATG TTG T 3* where X represents modified cytosine residues 
which contabi an amino linker arm (Molecular Biosystems, San 
DiegOy CA). After purification and quantitation, the oligonucleotide 
is reacted with biotin-N-hydroxysuccinimide ester (Pierce, 
Rockford, IL) and purified by HPLC in a manner analogous to the 
fluorescent labelled oligonucleotide above. 

Denaturation reagent is prepared just prior to use by mixing 
together 6 parts of reagent plus one part of reagent J)^. 
Reagent is composed of 200 mmol/L sodium hydroxide, and 800 
mmol/L sodium carbonate. Reagent D|, is composed of 12.9% sodium 
polyacrylate, 5.85 mol/L sodium perchlorate, 10 mmol/L tjrisodium- 
EDTA, and is prepared by combining 18 mL (24.2g) of stock sodium 
polyacrylate, 39 mL (64.4g) of 9 mol/L sodium perchlorate (Aldrich 
Chemical Co., Milwaukee, WI; #20,842-6), and 3 mL of stock 
trisodium-EDTA. Stock (43%) sodium polyacrylate is prepared by 
slow addition (Caution! - Heat evolved) of 50% NaOH (wt/wt) to 250 
g. polyacrylic acid (Aldrich #19,202-3) until a 1:100 dilution of a 
100 micro-L aliquot is pH 8.0. Stock (200 mmol/L) trisodium-EDTA 
is prepared by dissolving 74.4 g. (0,22 moles) disodium EDTA 
(International Biotechnology Inc., New HAven, CT; #70182) in 900 
mL deionized water and titrating with 50% NaOH (wt/wt, approx. 10 
mL) to pH 8.0 and then diluting to a total volume of IL with 
deionized water. 

Three buffer solutions are used to wash paramagnetic particles 
and their composition is as follows: buffer A = 1.0X SSPE (180 
mmol/L sodium chloride, 10 mmol/L monobasic sodium phosphate pH 
7.4, 1 mmol/L EDTA), 0.5% Tween-20 (Aldrich; #27,434-8); buffer B = 
118 mmol/L sodium chloride, 16.5 mmol/L sodium carbonate, 7*8 
mmol/L sodium bicarbonate, 0.5% Tween-20; buffer C = lOOmmol/L 
sodium chloride. 
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Streptavidin functionalized magnetic particles [Magnetic 
Streptavidin 446D, Advanced Magnetics Inc. (AMI), Cambridge, MA] 
are pre-washed twice before use at 23 degrees C, using buffer A. 
A 1.5 mL mlcrotube containing a measured aliquot of magnetic 
particles Is first placed directly against a BioMag Separator™ 
(AMI) containing rare-earth magnets to draw all the particles to 
the tube's walL The supernatant is removed from the separated 
particles and replaced with 500 micro-L of buffer A. The solution 
is vortexed vigorously to ensure complete resuspension of the 
particles. Another cycle of separation and resuspension with 
buffer A is performed. Finally the suspension Is separated, the 
supernatant is discarded and the particles resuspended in a 
volume of buffer A equivalent to the original aliquot. 

Procedures 

Both probe and target DNA are labelled by the covalent 
attachment of a derivatized oligonucleotide to restricted plasmid or 
genomic DNA respectively. This simulteuieous restriction/ligation 
technique has been previously described (20,21). Probe labelling 
is performed manually as follows. A 100 micro-L reaction volume is 
prepared containing a 1 mmol/L ATP (Sigma Chemical Co., St. 
Louis, MO. #A-0770), 15 mmol/L dithiothreitol (Sigma, D-9779), IX 
restriction enzyme buffer (Promega Corp., Madison, WI), 50 micro- 
g/mL BSA-OAc (Promega), 10 micro-g pY3,4 plasmid DNA, SOU Rsa I 
restriction enzyme (all enzymes used are from Promega), 10 U T4 
DNA ligase, and 69 pmol each of the [B]30mer labelled 
oligonucleotide and the Rsa I ligaid. Enzyme amounts used are 
based on units of enzyme activity per weight of DNA, using 6 
U/micro-g. [B]30mer label and Rsa I ligaid amounts used are 
based on 2.5x stochiometric excess of each oligonucleotide over 
moles of single-strand (ss) "ends" produced by restriction plasmid 
probe. The reaction product (0.1 micro-g/micro-L, 276 fmol ss 
ends/micro-L) is diluted to 160 fmol ss ends/micro-L with sterile 
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deionized water. 

Target labelling, denaturation and hybridization, capture, and 
magnetic particle washing are performed automatically by the 
apparatus. For target labelling, a 50 micro-L aliquot of sample 
genomic DNA is first pre-restricted for 2 hr at 37 degrees C. in a 
total reaction volume of 65.5 micro-L by addition of 6.5 micro-L 
lOX restriction enzyme buffer, and 40 U Eco RI restriction enzyme. 
All restriction fragments produced are then labelled by incubation 
for 2 hr at 37 degrees C. in a total reaction volume of 100 micro-L 
containing 1 mmol/L ATP, IX restriction enzyme buffer, 60 U EcoRI 
restriction enzyme, 25 pmol [F]60mer, 25 pmol EcoRI Ligaid, and 10 
U T4 DNA Ligase. Labelled genomic DNA is denatured and 
hybridized with the Y-chromosome repeat specific probe by 
addition of 60 micro-L denaturation reagent and 1.6 pmol of biotin 
labelled probe in. 10 micro-L, heated to 93 degrees C. for 15 min., 
cooled to 48 degrees C. for 30 min., and then cooled to 37 degrees 
C. Specific hybrids and excess biotin labelled probe are captured 
onto solid phase by addition of 40 micro-L of streptavidin- 
paramagnetic [articles with mixing and allowed to incubate at 37 
degrees C. for 10 min. Three successive washing cycles of 1) 
magnetic separation, 2) removal of supernate (decantation), and 3) 
replenishment and incubation at 53 degrees C. for 2 min. with 
buffer B are performed, followed by one cycle with buffer C at 23 
degrees C. After a final magnetic separation and decantation, the 
particles are heated at 42 degrees C. for 15 min. to evaporate 
residual fluid, then maintained at 23 degrees C. until ready to load 
into an electrophoresis geL 

To prepare a denaturing agarose gel, 1.07 g. agarose (Biorad, 
Richmond, CA; High Strength Analytical Grade #162-0126), 0.33 g. 
FicoU (Sigma, #2637) and 133 mL deionized water are placed in a 
tared flask and boiled until the agarose is dissolved. Enough 
additional deionized water is added to the flask to return it to its 
tared weight before boiling to compensate for vaporative loss. 
The agarose solution is cooled to 40 degrees C. by placing 
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intermittently on ice with constant swirling, 1.33 mL of lOOX 
Studier Buffer (3 mol/L NaOH, 100 mmol/L EDTA) is added, the 
solution is then cooled to 30 degrees C. and poured into aa glass 
bottom gel tray (22x28 cm.) and a well-forming combing introduced 
into the gel. 1.2 L of IX Studier Buffer is pored to cover the gel 
once solidified. 

A 2X stock electrophoresis loading buffer 2X LB) is prepared 
from equal volumes of lOX Studier Buffer (300mmol/L NaOH, 10 
mmol/L EDTA), 1 mg./mL Dextran Sulfate (Sigma Chemical Co., St, 
Louis, MO, #D-8906), and 15% Picoll (Sigma, F2637). 

Fluorescent internal lane size standards are also prepared by 
the simultaneous restriction/llgation of commonly available DNAs 
(i.e., lambda phage, phlX174 virus, or pBR322 plasmid) by methods 
identical to those described for target labelling, except that the 
"label" oligonucleotide is derivitlzed with the dye "JOE" (22) which 
fluoresces at a longer wavelength than fluorescein and can be 
discriminated spectroscopicaUy by the fluorescent scanner. A 
typical preparation is "[JJ]lambda+pBR(Hindni. In a total volume 
of 100 micro-L are combined 10 micro-g. of lambda DNA, 0.9 micro- 
g. of pBR322-plasmid DNA, 25 pmol [j]60mer (a molecule analogous 
to [F]60mer but labelled with JOE) and all other reagents as 
Indicated above for target labelling. The reaction product (3.2 
fmol double-stranded fragments/micro-L) is diluted to 400 
amol/micro-L for use. 

Dried magnetic particles are resuspended in 6 micro-L of an 
equal volume mixture of size standard and 2X LB prior to loading 
into an electrophoresis geL 

Apparatus 

The main mechanical mechanism is a three-axis cartesian 
robot. At the end of its "arm" (z-axis) is placed a fixed metallic 
syringe needle which performs all necessary fluid aspiration and 
dispensation steps. System plumbing comprises two syringe 
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pumps (250 micro-L £uid 2,5 micro-L) drawing from a common IL 
sterile deionized reservoir. Effluent from both syringes is 
directed through a narrow diameter tube to the end of the XYZ 
arm. 

On the work surface, a cold storage (4 degrees C) compartment 
provides a stable environment for enzymes and probes for up to 
several days. A temperature regulated rack for incubations allows 
96 samples to be labelled simultaneously. Another temperature 
regulated station houses a motor-controlled rare- earth bar magnet 
which can separate particles from 24 samples in a batch fashion. 
There are also defined positions for twelve 1.5 mL microfuge tubes 
of reagent, two 35 mL bottles of buffer, five 100 mL bottles of 
temperature regulated buffer, a rack of 1.2 mL microfuge tube of 
sample DNA, «uid a needle tip wash station. 

A Macintosh 11^ computer (Apple Computer, Inc., Cupertino, 
CA) provides the user interface for both the robotic and separate 
scanner instruments. The robotic instrument's operations are 
programmed and controlled through an iconic language where 
pictorial representations are used to describe chemical processes 
(24). This approach allows easy programming and editing and is 
quick to learn. The syntax of the programming language is 
inherent in its structure. 

The robotic instrument performs all the operations necessary 
to perform target labelling, solution hybridization, solid phase 
capture and paramagnetic particle wash steps. Before automatic 
operation begins, the work surface is first manually loaded with 
all the necessary reagents, disposable reaction tubes and sample 
genomic DNA (target). The instrument begins operation by first 
distributing an aliquot from each DNA sample tube into a 
corresponding tube position within the incubation rack for 
labelling. By addition of necessary reagents, each target sample 
is then simultaneously restricted and fluorescently labelled. Each 
sample plus an aliquot of denaturant and probe is then 
transferr d to the magnetic s paration station where a defined 
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temperature profile is executed to perform denaturization and 
hybridization* Streptavidln paramagnetic particles are added to 
each sample to capture specific hybrids, and finally, the 
paramagnetic particles are washed several times with a series of 
buffers and prepared for loading onto the fluorescent scanner. 

For detection of the chemical product produced by the robotic 
instrument, samples are manually loaded into gel wells in 
submarine fashion and electrophoresed at 4.5 volts/cm (325 
milliamps) for 4 to 7 hours with buffer circulation. A 370A 
Sequencer (ABI) modified to accept horizontal agarose gels is used 
to detect migrating fluorescent molecules (25). Real-time detection 
is accomplished by the use of laser excitation and fluorescent 
detection optics which scan across the gel*s width, typically at a 
distance of 4.0 cm. from the sample wells (22). Data analysis 
software allows for quantitative interpretation of electrophoresis 
data. The data can be displayed in the form of a "gel view" which 
presents a record of all the fluorescent molecules which have 
passed through the scan region. This gel view appears to be a 
photograph of the gel, but time, rather than position is along the 
direction of electrophoresis. Alternatively, data can be displayed 
in a chromatographic view, which is a history of the fluorescence 
in a particular gel lane that passes through the scan region. The 
chromatographic view is an analog to the kind of data presented 
by a densitometer. 

Results and Discussion 

The robot's physical performance was evaluated in a number of 
ways to verify proper function of temperature regulation systems 
and to validate liquid handling precision and accuracy. 
Temperature profiles at all relevant places on the worksurface 
were measured. Temperatures (4-100 degrees C) achieved were 
reproducibl . No discernable deviati n or drift in the temperature 
of tube contents was d tectable with the thermocouple 
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arrangement used which has a resolution of 0*1 degree C. 
Accuracy of pipetting (1-100 micro-L) has been measured both 
spectrophotometrically and gravimetricaUy and typically found to 
be within 1-5% depending upon sample viscosity with a Cv of 1.0% 
at 1,0 micro-L (data not shown). 

The use of a single pipetting tip required a study of cross- 
contamination. Contamination resulting from carryover from one 
reagent tube to the next when a multiple aspiration is performed 
was measured spectrophotometrically to be 0.5 micro-L. Sample- 
to-sample cross contamination after probe tip washing is 
undetectable as previously reported by other workers in a similar 
liquid handling instrument (26). Reagent pollution due to multiple 
aspiration without tip washing occurs at two places in the entire 
process as currently practiced. The first opportunity for 
potential cross-contamination is in the mixing of common 
restriction and labelling reagents ("paletting") where the potential 
exists for ATP to contaminate buffer, buffer to contaminate 
restriction enzyme, and so forth. This poses little threat to 
reagent integrity since the order in which reagents are aspirated 
can be judiciously chosen so as to accommodate a slight amount of 
carry-over. Furthermore, this operation occurs only once during 
execution of the entire process. The second occurrence of carry- 
over due to multiple aspiration is when sample DNA is transferred 
from the labelling station to the magnetic separation station. Here 
a small amount of denaturant may contaminate the probe reagent. 
Probe reagent could be multi-dispensed to each tube position 
within the magnetic separation station before transfer of labelled 
DNA to alleviate this problem. 

Electrophoretic detection produces, after data analysis, both a 
reconstructed representation of a "gel" and a chromatogram view 
through an electrophoresis kuie. A major band at 3.6 kb 
represents detection of hybridization to multiple copies of the Y 
chromosome repeat unit. The profile describes measure of relative 
fluoresc nee (Y-cuds) as a function of arrival time at the detector 
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of migrating species (X-axis). Arrival time can be related to 
molecular size since the electrophoresis gel material produces a 
separation based on size* Analogous to a Southern blot 
experiment, observed results thus give information of amount and 
molecular size of a DNA fragment with a sequence complementary 
to a given probe. 

Good signal uniformity (Cv=12%) was observed from the result 
of py3.4 probe hybridization with five identical DNA samples. 

A control experiment was done where five different DNA 
samples were hybridized with either the Y chromosome repeat 
probe or a probe which is not homologous to the human genome 
(plasmid pSP64 labelled in the same manner as described above). 
Varying signal intensity was observed within the group of male 
DNA's. As previously reported by Lua (12) we observed that the 
DNA sample of Black origin exhibited a stronger signal, and the 
DNA sample of Asian origin exhibited a weaker signal than the DNA 
sample of Caucasian origin* Also as noted in the literature, 
secondary hybridization to smaller size fragments was observed 
even in the female DNA. No hybridization with the non-homologous 
probe was detected in any of the human DNA samples. 

The system was able to produce consistent experimental 
results from 24 DNA samples in 10.5 hours of elapsed time from 
loading samples and reagents on the robot to receiving analyzed 
data from the scanner. The robotic instrument was routinely 
loaded with reagents and samples toward the end of a work day 
and operated overnight (actual operating time of 6.5 h). The next 
morning particle suspensions e\were loaded onto the scanner 
instrument for electrophoresis and detection and resultant data 
was analyzed (4h). The actual hands-on-time by an operator was 
less than two hours and required only placement of reagent tubes 
in holes, gel preparation and loading, and computer interaction. 
This system can then provide genetic information from a DNA 
sample overnight as compared to typically days than is currently 
available with manual Southern blotting. 
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Example Summary and Conclusions 

From the example above it is concluded that a robotic liquid 
handling instrument according to the invention can be used 
successfully to automate specific human gene detection in such a 
way to yield the equivalent experimental result to that produced 
by Southern blotting. The manner in which this result is 
accomplished is simpler and feister than the manual methods 
typically employed. The individual liquid handling steps are 
executed with precision. Since operation is computer controUed 
the process can be perforaed consistently, reliably, and 
relentlessly providing a new opportunity for high sample 
throughput* 

The MAcintosh controller of the robot and scanner 
instruments have been interfaced to an Ethertalk™ network and 
have allowed sending both process control code and resulting data 
between workers. 

The continued development of automated DNA sequencing using 
a robot similar to the one described herein has recently been 
discussed in another document (25). The robot's unique 
combination of attributes (accurate pipetting, XYZ motion, 
temperature control and magnetic particle handling) make it 
ideally suited to perform this and many other chemical 
methodologies. 
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It will be apparent to a worker skilled in the art that there 
are many changes that can be made in the details of the invention 
as described without departing in any significant degree from the 
spirit and scope of the invention. For example, the numbers of 
positions at the various stations need not be as shown in the 
preferred embodiments. More or fewer positions could be used. 
As another example, the dimensions and construction details can 
vary widely. There are many ways to accomplish the resolution 
needed for the robot, and many different kinds of sensors and 
drives that can be us d. As still another example, there are many 
different materials that would be suitable for different parts of 
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the appaxataSi, such as the plate at the mctabatioia station^ aad the 
mateidal described is the prefeirred modeo Many such changes in 
detail caim be made wthout departing from the [spirit and scope of 
the mveimtioinio 
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What is <"1«iTr»>H is: 

1. A liquid-handling instrument for transferring liquid from one 
container to another comprising: 

a worksurface for supporting said containers of liquid; 

pipette means for aspirating and dispensing liquid, said 
pipette means comprising a pipette tip; 

robotic translation means for moving said pipette tip into and 
out of said containers; 

washing means for washing said pipette tip between liquid 
transfers; and 

control means for programming steps of said liquid transfers 
and for controlling said instrument to perform said steps; 

said pipette means comprising position sensing means for 
sensing pipette tip position relative to proximate surfaces and for 
communicating said pipette tip position to said control means. 

2. An instrument as in claim 1 wherein said position sensing 
means comprises an electrically conductive pipette tip coupled to 
capacitance sensing means. 

3. An instrument as in claim 1 wherein said worksurface 
comprises a gauge block for calibrating said control means for 
position of said pipette tip relative to said worksurface, said 
gauge block being securely registered to said worksurface. 

4. An instrument as in claim 3 wherein said worksurface comprises 
registration means for positioning a modular container station, 
said registration means positioned accurately relative to said 
gauge block, such that a first modular station may be removed 
from said cavity and a second modular station substituted therefor 
while maintfidning known dimensions from containers in said 
stations to the known position of said gauge block. 



wo 91/116675 



PCr/US91/02348 



- 56 - 

5. An instrument as in claim 1 wherein said pipette means 
comprises a first syringe pump for aspirating and dispensing 
liquids with a first degree of accuracy and a second syringe pump 
for aspirating and delivering liquids with a second degree of 
accuracy » said first and second syringe pumps being commonly 
connected to said pipette tip, 

6. An instrument as in claim 1 wherein said robotic translation 
means comprises a robot having a carriage over said worksurface 
for carrying said pipette tip, said carriage being translatable over 
the area of said worksurface and also translatable toward and 
away from said worksurface. 

7. An instrument as in claim 6 wherein said robot is a cartesian 
robot having three directions of travel, two in a horizontal plane 
and the third direction vertical. 

8. An instrument as in claim 7 wherein said robot has three 
principal drives, one for each of said three directions of travel, 
and said drives are powered by electric motors. 

9. An instrument as in claim 1 wherein said control means 
comprises an iconic interface having user-selectable icons for 
programing a protocol and for entering values for control 
variables, said icons representing specific steps and action 
sequences in said protocol, said icons being expandable-in-place 
to show other steps that an icon comprises* 

10» An instrument as in claim 1 wherein said washing means 
comprises a container connected to a waste disposal means, said 
container having a cavity closed at the lower end, said cavity 
being in depth at least ten times the diameter of said pipette tip, 
and in diameter no more than twice the diameter of said pipette 
tip, such that a liquid dispensed from said pipette tip with said 
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pipette tip in said cavity will backflow in the annulus around said 
pipette tip for a length of said pipette tip of at least ten times the 
diameter of said pipette tip. 

11. An instrument as In claim 1 wherein at least one of said 
containers supported by said worksurface comprises closure 
means having a flexible duck-billed portion extending toward the 
interior of said container. 

12. An instrument as in claim 11 wherein said container comprises 
an upper rim and said closure means comprises an annular cavity 
portion surrounding said duck-billed portion for sealing to said 
upper rim. 

13. A container for storing and transporting liquid comprising: 

liquid receiving means having an opening for receiving 
liquid; and 

closure means for providing closure to said opening of 
said liquid receiver means; 

said closure means comprising a flexible duck-billed 
portion extending toward the interior of said liquid receiver means 
for permitting easy entry of a needle-like device while minimizing 
exposure of liquid and vapor inside said liquid receiver means to 
external atmosphere. 

14. A container as in claim 13 wherein said liquid receiving means 
comprises an upper rim surrounding said opening and said closure 
means comprises an annular cavity portion for mating to said 
upper rim. 

15. An automated laboratory for transferring liquid chemical 
mixtures and solutions from one container to another and 
performing a chemistry protocol comprising: 

a worksurfac for supporting said containers of liquid; 
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pipette means for aspirating and dispensing liquid, said 
pipette means comprising a pipette tip; 

robotic translation means for moving said pipette tip into and 
out of said containers; 

washing means for washing said pipette tip between liquid 
transfers; 

heating means for heating liquids in said containers; 
cooling means for cooling liquids in said containers; and 
control means for programming steps of said chemistry 

protocol and for controlling said automated laboratory to perform 

said protocol; 

said pipette means comprising position sensing means for 
sensing pipette tip position relative to proximate surfaces and for 
communicating said pipette tip position to said control means. 

16. An automated laboratory as in claim 15 wherein said position 
sensing means compi*ises an electrically conductive pipette tip 
coupled to capacitance sensing means. 

17. An automated laboratory as in claim 15 further comprising an 
incubation station beatable by said heating means and coolable by 
said cooling means, said incubation station having cavities coated 
with a chemically inert coating, and a latching lid with a sealing 
surface such that with said lid closed and latched, said cavities 
are individually sealed. 

18. An automated laboratory as in claim 17 wherein said cavities 
are machined into a metal block, and said metal block is registered 
to said worksurface and removable, such that a block of cavities 
may be removed and replaced. 

19. An automated laboratory as in claim 17 wherein said cavities 
have a lower cylindrical portion for holding a sample and an upper 
conical portion to provide additional volume to hold liquid 
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aspirated during a cleaning procedure, 

20* An automated laboratory as in claim 17 wherein said cavities 
each have a machined upper lip such that force exerted on said 
lid by latching said lid is concentrated on said machined upper 
lips of said cavities to facilitate sealing. 

21. An automated laboratory as in claim 15 further comprising 
magnetic means for passing a magnetic field through at least one 
container supported by said worksurface to separate pcu^amagnetic 
particles from a liquid in said container. 

22. An automated laboratory as in claim 21 wherein said magnetic 
means comprises a station supported by said worksurface, said 
station having two rows of containers for holding liquid, and a 
magnetic bar supported on an elevator such that said bar may be 
selectively elevated and withdrawn from between said rows of 
containers. 

23. An automated laboratory as in claim 21 wherein said magnetic 
bar comprises rare-earth magnetic material. 

24. An automated laboratory as in claim 15 wherein said 
worksurface comprises a gauge block for calibrating said control 
means for position of said pipette tip relative to said worksurface, 
said gauge block being securely registered to said worksurfau^. 

25. An automated laboratory as in claim 24 wherein said 
worksurface comprises registration means for positioning a 
modular container station, said registration means positioned 
accurately relative to said gauge block, such that a first modular 
station may be removed from said cavity and a second modular 
station substituted therefor while maintaining known dimensions 
from containers in said stations to the known position of said 
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gauge block. 

26. An automated laboratory as in claim 15 wherein said pipette 
means comprises a first syringe pump for aspirating and 
dispensing liquids with a first degree of accuracy and a second 
syringe pump for aspirating and dispensing liquids with a second 
degree of accuracy, said first and second syringe pumps being 
commonly connected to said pipette tip. 

27. An automated laboratory as in claim 15 wherein said robotic 
translation means comprises a robot having a caurriage over said 
worksurface for carrying said pipette tip, said carriage being 
translatable over the area of said worksurface and also 
translatable toward and away from said worksurfeice. 

28. An automated laboratory as in claim 27 wherein said robot is a 
cartesian robot having three directions of travel, two in a 
horizontal plane and the third direction verticaL 

29. An automated laboratory as in claim 28 wherein said robot hsis 
three principal drives, one for each of said three directions of 
travel, and said drives £ire powered by electric motors. 

30. An automated laboratory as in claim 15 wherein said control 
means comprises an iconic interfeu^e having user-selectable icons 
for programing a protocol and for entering values for control 
variables, said icons representing specific steps and action 
sequences in said protocol, said icons being expandable-in-place 
to show other steps that comprise an icon. 

31. An automated laboratory as in claim 15 wherein said washing 
means comprises; 

a fountain for enclosing said pipette tip during washing; and 
a well surrounding said fountain such that liquid flowing from 
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said fountain flows into said well, said well having a drain 
disposed to communicate unwanted material to an external location; 

said fountain comprising a cylindrical enclosure closed at the 
lower end, said enclosure being in depth at least ten times the 
diameter of said pipette tip, and in diameter no more than twice 
the diameter of said pipette tip, such that a liquid dispensed from 
said pipette tip with said pipette tip inserted in said cavity will 
backflow in the annulus around said pipette tip for a length of at 
least ten times the diameter of said pipette tip. 

32. An automated laboratory as in claim 15 wherein at least one of 
said containers supported by said worksurface comprises closure 
means having a flexible duck-billed portion extending towcurd the 
interior of said container. 

33. An automated laboratory as in claim 32 wherein said container 
comprises an upper rim and said closure means comprises an 
annular cavity portion surrounding said duck-billed portion for 
sealing to said upper rim. 

34. A duck-billed closure for a container to permit easy entry of 
a needle-like device while minimizing exposure of a material inside 
said container, said closure comprising seal means for sealing to 
said container and a flexible duck-billed portion, said duck-billed 
portion extending toward the interior of said container with said 
closure sealed to said container. 

35. A duck-billed closure as in claim 34 wherein said container 
comprises an upper rim and said closure means comprises an 
annular cavity portion surrounding said duck-billed portion for 
sealing to said upper rim. 

36. A method for transferring liquid by robotic translation means 
from a first container holding a first volume of liquid to a second 
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container holding a second volume of liquid comprising the steps 
of: 

aspirating a third volume of liquid from said first volume of 
liquid in said first container with a pipette means having a pipette 
tip and a sensing means for sensing the position of said pipette 
tip relative to proximate surfaces; 

moving said pipette tip away from said first container by 
action of said robotic translation means; 

dispensing a droplet of liquid from said pipette tip such that 
said droplet depends from said pipette tip but does not separate 
therefrom; 

moving said droplet with said pipette tip by said robotic 
translation means until said droplet touches the surface of said 
second volume of liquid) stopping translation when said sensing 
means signals contact, and allowing said droplet to become 
confluent with said second volume of liquid. 

37. A method for aspirating a first volume of liquid from a second 
volume of liquid in a contedner comprising the steps of: 

moving a pipette means, said pipette means comprising a 
pipette tip and a position sensing means for sensing the position 
of said pipette tip relative to proximate surfaces , to the surface of 
said second volume of liquid by a robotic translation means; 

stopping translation of said pipette tip when said pipette tip 
touches said surface as signalled by said sensing means; and 

aspirating said first volume of liquid by said pipette means. 

38. A method for aspirating a first volume of liquid as in claim 37 
further comprising a step of moving said pipette tip downward 
while aspirating said first volume of liquid to track the surface of 
said second volume of liquid such that said pipette tip does not 
lose contact with said second volume of liquid while aspirating. 

39. A method for aspirating a first volume of liquid as in claim 37 
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comprising a step of moving said pipette tip downward a fixed 
dimension to penetrate said surffice after said step of moving said 
pipette tip to touch said surface and before said step of 
aspirating said first volume of liquid. 

40. A method for validating a worksurface in a liquid-handling 
instrument having a pipette means, said pipette means comprising 
a pipette tip coupled to a position sensing means for sensing 
position of said pipette tip relative to proximate surfaces, said 
pipette tip movable over said worksurface by a robotic trfimslation 
means, said method comprising the steps of: 

moving said pipette tip in a pattern and at a height over said 
worksurface such that said pipette tip will contact no surface if 
every part is in its proper place; 

stopping translation of said pipette tip if said pipette tip 
contacts euiy surface as signalled by said position sensing means; 
and 

activating a signal that a part is out of position. 

41. A method for mixing liquids in a liquid handling instrument 
having a pipette means with a pipette tip movable over a 
worksurface by a robotic translation means, said method 
comprising the steps of: 

moving said pipette means by said robotic translation means to 
iiamerse said pipette tip in a volume of liquid in a container; 

aspirating liquid into said pipette means ending with said 
pipette tip immersed in said volume of liquid in said container; and 

dispensing said aspirated liquid into said container while 
moving said tip in a pattern encompassing substanticQly said 
volume of liquid in said container. 

42. An automated laboratory as in claim 15 wherein said protocol 
comprises steps for performing automated specific gene detection. 
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43. An automated laboratory in claim 15 wherein said protocol 
comprises steps for performing automated nucleic acid sequence 
detection. 

44. An automated laboratory in claim 15 wherein said protocol 
comprises steps for performing automated fluorescent labelling of 
nucleic acids. 
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(54)Titre: DISPOSITIF AUTOMATIQUE DE REALISATION D'ECHANTILLONS EN VUE DE LA MISE EN OEUVRE DE 
REACTIONS CHIMIQUES OU BIOLOGIQUES EN MILIEU LIQUIDE 

(57) Abstract 

The invention concerns an automatic device (100) 
for producing a plurality of reaction samples from several 
constituents to be used in chemical or biological reactions 
in liquid medium. The invention is characterised in that 
it comprises: a first supply plate (110). comprising N 
receptacles containing constitucnu; a second supply plate 
(120), comprising M receptacles containing constituents; a 
sample plate (130), comprising several cavities with volume 
of the order of some dozen tianolitres, designed to contain 
a mixture of constituents; a piezoelectric micropipettc (141; 
142) for delivering drops with volume of the order of one 
nanolitre; means for moving the piezoelectric micropipette 
along at least two perpendicular axes Y, 2 such that it 
can tap from each filled receptacle, a predetermined amount 
of constituent; and means for displacing the piezoelectric 
micropipettc relatively to the sample plate, associated with 
means triggering extraction such that said pipette delivers at least one drop of constituent in each cavity of the sample plate. 

(57) Abrdgd 

LUnvention conceme un disposiiif automatique (100) de rfalisation d'unc pluralitd d'6chantillons r6aciionncls ^ partir de plusieurs 
composants pour la mise en oeuvrc de reactions chimiques ou biologiques en milieu liquide. Selon Tinvention. il comportc: une premiere 
plaque d' alimentation (110). comportant N rfeccptacles contenant des composants, une dcuxiime plaque d'alimentation (120), comportani 
M r6ccptacles contenant des composants, une plaque d'dchanUlions (130), comprcnant plusieurs cavitds prdsentant un volume de Pordrc de 
quclques dizaines de nanolitres, destinde i contcnir un mdlange de composants. une micropipette piezodlectrique (141, 142) aptc i d61ivrcr 
des gouttes de volume de I'ordrc du nanolitre, des moyens pour ddplacer la micropipettc piezoilectriquc scion au moins deux axes Y, 
Z perpend icul aires de sorte qu^ellc puissc venir pr61ever dans chaque r6ceptaclc rempli. une quantity ddtermin^e d'un composant, et des 
moyens de d6placement relatif de la micropipettc piezo61ectrique et de la plaque d*6chanU lions, associds ^ des moyens de d^clcnchemcnt 
de iir de maniirc que ladite nrKiropipcne dflivrc au moins une goutic de composant dans chaque cavit6 de la plaque d'tehantillons. 
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DiSPOSITIF AUTOMATIQUE DE REALISATION D'ECHANTILLONS EN VUE DE 
LA MISE EN CEUVRE DE REACTIONS CHIMIQUES OU BIOLOGIQUES EN 
MILIEU LiQUIDE 

La presente invention concerne un dispositif automatique de realisation 
d'une plurality d'6chantillons reactionneis a partir de plusieurs composants pour la 
mise en oeuvre de reactions chimiques ou biologiques en milieu liquide, notamment 
le dosage d'au moins un composant particulier dans un pr6l6vement biologique. 

De nombreuses m6thodes ont ete developpees pour I'identification, ia 
detection ou la quantification d'analytes dans des composants chimiques ou 
biologiques. 

Ces methodes sont basees ie plus souvent sur la formation de complexes 
par reaction d'affinite entre membres d'une paire de liaison specifique. 

Des reactions, de type ligand/recepteur, resultent par exemple 
d 'interactions entre un antigene et un anticorps specifique, d'une hybridation entre 
deux sequences d'acides nucleiques complementaires ou d'un phenomena de 
reconnaissance entre le site de liaison d'une proteine, par exemple une enzyme, 
hormone, ou autre entite biologique, et son ligand, substrat ou recepteur. 

La formation d'un complexe d'affinite permet de mettre en evidence la 
presence de I'analyte recherch6 dans I'echantiilon. Get analyte peut eventuellement 
etre quantifie. s'il est possible de separer !es formes complexees de celles restees a 
I'etat iibre, ou de mesurer le taux d'occupation des ligands specifiques de I'analyte. 

Ce type de methode de detection et quantification d'un anaiyte present 
dans un composant, parfois a I'etat de trace, offre un grand interet pour les 
laboratoires de recherche ou d'analyse. notamment les laboratoires d'anaiyse 
ciinique ou biologique, 

Toutefois, pour une utilisation en routine, les m6thodes doivent pouvoir etre 
appliquees simultanement sur un grand nombre de composants. En outre, pour un 
meme composant, il est souvent necessaire de realiser plusieurs tests afin de 
mettre en evidence la formation de differents complexes, de doser plusieurs 
analytes de ce composant. 

Par ailleurs, dans le domaine de Tanalyse genetique, la technique de 
I'amplification genique nomm6e « Polymerase Chain Reaction » (PCR) permet 
notamment a partir de prelevements d'ADN d'identifier des sequences d'ADN 
marqueurs de maladies genetiques, d'identifier et d'isoler des sequences d'ADN en 



wo 99/49320 PCT/FR99/00640 



vue d'un clonage ou encore de doser quantitativement des sequences d'ADN 
particuliers. 

Cette technique permet d'amplifier dans un echantillon une sequence 
d'ADN particulidre en vue de I'analyser. 
5 Les ^chantillons reactionnels mis en oeuvre dans cette technique PCR. 

sont constitu6s de trois composants differents : le pr6levement biologique contenant 
I'ADN. les amorces (oligonucleotides) specifiques de la sequence a analyser et le 
mix PCR comprenant la polymerase et les nucleotides. 

La mise en oeuvre d'une telle technique sur un grand nombre de 
10 prelevements d'ADN differents. necessite alors la mise en oeuvre d'un grand 
nombre d'echantillons reactionnels realises a partir du croisement d'au moins deux 
series de nombreux composants. 

Plus generalement, la caracterisation d'un grand nombre de proprietes 
chimiques ou biologiques sur un large panel de composants differents necessite la 
15 realisation d'un grand nombre d'echantillons a partir d'au moins deux series de 
nombreux composants differents. 

Afin d'abaisser les couts de mise en oeuvre de telles techniques de 
caracterisation, on est conduit actuellement ^ reduire autant que possible le volume 
des composants utilises. 
20 En particulier, dans le domaine de I'analyse genetique. la tendance actuelle 

est de reduire d'un facteur 1000 les volumes de composants manipules qui passent 
alors de quelques microlitres a quelques nanolitres. 

Ainsi, actuellement, se developpe ia technologie des puces ADN 
(« microchips ») qui permet de realiser sur un support d'echantillons miniaturise, des 
25 reactions simultanees d'un grand nombre de reactifs avec un meme prelevement 
biologique. 

Toutefois, une telle technologie ne permet pas la realisation automatique 
d'un grand nombre d'echantillons reactionnels a partir d'au moins deux series de 
composants differents. 

30 Par rapport a I'etat de la technique, la presente invention propose un 

nouveau dispositif automatique permettant de realiser la distribution controlee de 
nanovolumes de composants liquides dans une plaque contenant un grand nombre 
de cavites miniaturisees afin d'effectuer de multiples melanges en nanovolumes 
pour realiser des echantillons reactionnels. 

35 Plus particulierement. selon I'invention, il est prevu un dispositif 

automatique de realisation d'une pluralite d'echantillons reactionnels a partir de 
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plusieurs composants pour la mise en oeuvre de reactions chimiques ou biologiques 
en milieu liquide. notamment le dosage d'au moins un composant ou d'un analyte 
particuiier dans un prelevement biologique, un tet dispositif comportant : 

- une premiere plaque d'alimentation, notamment une plaque amovible du type 
5 microplaque, comportant N receptacles destines chacun a contenir un composant, 

- une deuxi^me plaque d'alimentation, notamment une plaque amovible du type 
microplaque, comportant M receptacles destines chacun a contenir un composant. 

- une plaque d'echantillons amovible, comprenant une plurality de cavites agencees 
sous la forme d'une matrice comportant au moins N lignes et au moins M colonnes, 

10 chaque cavite presentant un volume de I'ordre de quelques dizaines de nanolitres, 
et etant destinee a contenir un melange de composants provenant des premiere et 
deuxieme plaques d'alimentation. 

- une micropipette piezoetectrique apte a prelever une quantite determinee de 
composants et a delivrer des gouttes de volume de I'ordre du nanoiitre. 

15 - des moyens pour deptacer la micropipette piezoelectrique selon au moins deux 
axes Y, Z perpendiculaires de sorte qu*elle puisse venir prelever dans chaque 
receptacle rempli des premiere et deuxieme plaques d'alimentation, la quantite 
d6terminee d'un composant, et 

- des moyens de d6placement relatif de la micropipette piezo^lectrique et de la 
20 plaque d'echantillons. associ^s a des moyens de d6clenchement de tire de la 

micropipette de maniere que cette demiere d6livre au moins une goutte de 

composant dans chaque cavity de la plaque d'echantillons. 

On entend par N receptacles, et M receptacles des premiere et deuxieme 

plaques d'alimentation, les receptacles destines a etre effectivement remplis avec 
25 un composant. II est bien entendu alors que ces premiere et deuxieme plaques 

d'alimentation peuvent contenir un nombre de receptacles superieur a N 

respectivement a M, avec un certain nombre de receptacles utiles non utilises. 

Ainsi, grace a la combinaison des moyens precites du dispositif selon 

rinvention, on peut realiser des milliers d'echantillons differents ^ Theure dans des 
30 volumes de quelques nanolitres en vue d'effectuer des reactions chimiques ou 

biologiques, 

Grace a la miniaturisation des volumes d'echantillons on reduit ainsi le coCit 
desdites reactions chimiques ou biologiques. 

L'automatisation du dispositif outre le fait qu'elie permet d'obtenir une 
35 cadence elevee de production de plaques d'echantillons. elle permet de respecter 
de bonnes conditions de securite et d'hygiene. 
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Selon d'autres caracteristiques avantageuses et non limitatives du dispositif 
selon rinvention : 

- Le deplacement relatif de la micropipette piezoelectrique et de la plaque 
d'echantillons, est continu et les moyens de declenchement de tir sont aptes ^ 

5 declencher des tirs de la micropipette a intervalles de temps reguliers en fonction de 
la Vitesse constante de deplacement relatif de ladite micropipette et de la plaque 
d'echantillons, independamment de la presence ou non d'une cavite de la plaque 
d'echantillons au droit de la micropipette. 

- Les moyens de deplacement relatif, sont des moyens d'avancement de fa plaque 
10 d'echantillons selon un axe X parallele aux lignes de la matrice des cavites et/ou 

selon un axe Y parallele aux colonnes de la matrice des cavites, la micropipette 
piezoelectrique restant fixe au-dessus de la plaque d'echantillons pendant le 
rempiissage desdites cavites. 

- Les moyens de deplacement relatif sont des moyens d'avancement de la 
1 5 micropipette selon des axes X et/ou Y paralleles respectivement aux lignes et aux 

colonnes de la matrice de cavites de la plaque d'echantillons qui reste fixe en 
dessous de la micropipette pendant le rempiissage desdites cavites. 

- Les moyens d'avancement comprennent un moteur pas a pas ou a courant 
continu, et les moyens de declenchement de tir comprennent un compteur des pas 

20 du moteur apte a envoyer un signal de declenchement de tir tous les N, pas. 

- La m.icropipette piezoelectrique est apte a compter le nom.bre de gouttes qu'elle 
delivre et a s'arreter de tirer au bout d'un nombre determine de gouttes delivrees. 

- Le dispositif comporte un plateau refrigerant supportant la plaque d'echantillons. 

- II est prevu au moins un systeme optique, tel que remission/reception d'une nappe 
25 laser, au droit de la plaque d'echantillons, apte a compter le nombre de gouttes 

delivrees a chaque tir de la micropipette piezoelectrique, et a transmettre ce nombre 
a un dispositif de coordination pour qu'un ordre de second passage au droit d'une 
ou plusieurs cavite(s) soit envoye a la micropipette lors d'un ecart constate entre le 
nombre de gouttes tirees comptabilise et le nombre de gouttes theorique prevu. 
30 - Le dispositif comporte un autre micropipette piezoelectrique identique a la 
premiere, les deux micropipettes fonctionnant en altemance. 

- Le dispositif comporte une station automatique de lavage associee a chaque 
micropipette piezoelectrique assurant la decontamination de celle-ci. 

- Chaque station de lavage comporte des moyens de rempiissage de la micropipette 
35 piezoelectrique avec un liquide transporteur et des moyens optiques de verification 

du bon rempiissage de ladite micropipette. 
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- Chaque micropipette piezoelectrique comporte deux parties conductrices separees 
par un materiau non conducteur, electriquement reliees en partie superieure a un 
systeme electrique, de sorte que lorsque Torifice de la micropipette piezoelectrique 
entre en contact avec un connposant d'un receptacle de la premiere ou de la 

5 deuxieme plaque d'alimentation, il se produit une fermeture du circuit electrique 
forme par les deux parties conductrices reliees 6Iectriquement de ladite 
micropipette, qui commande Tarrfet du deplacement vertical de la micropipette. 

La description qui va suivre en regard des dessins annexes, donnes a titre 
d'exemples non limitatifs, fera bien comprendre en quoi consiste I'lnvention et 
10 comment elle peut etre realisee. 

Sur les dessins annexes : 

- la figure 1 est une vue schematique en plan d'un mode de realisation du dispositif 
automatique selon I'lnvention, 

- la figure 2 est une vue partielle en coupe transversale de la plaque d'echantillons 
15 du dispositif automatique selon I'invention, et 

- la figure 3 est une vue schematique de detail de la figure 2. 

Sur la figure 1, on a represente un dispositif automatique 100 de realisation 
d'une pluralite d'echantillons a partir de plusieurs composants pour la mise en 
oeuvre de reactions chimiques ou biologiques en milieu liquide, ici en particulier la 
20 technique d'amplification genique (technique PGR). 

Ce dispositif 100 comporte une premiere plaque d'alimentation 110, ici une 
plaque amovible du type microplaque qui comporte 96 puits ou cavites d'une 
capacite de Tordre de 100 a 300 microlitres, destines chacun a contenir un 
composant. ici un prelevement d'ADN. 
25 Avantageusement, chaque receptacle contient un composant different. 

II comporte en outre une deuxieme plaque d'alimentation 120, ici identique 
a la premiere plaque, c'est-^-dire une plaque amovible du type microplaque 
comportant 96 puits ou cavites, destines chacun a contenir un composant. Dans le 
cas particulier decrit, les composants places dans les cavites de la deuxieme plaque 
30 d'alimentation 120, sont des amorces qui peuvent etre fluorescentes, constituees 
par des oligonucleotides specifiques des sequences d'ADN particulieres a amplifier. 

II est egaiement avantageux que chaque receptacle de la deuxieme plaque 
d'alimentation 120 contienne un composant different. 

II est prevu une plaque d'echantillons 130 amovible. qui comprend une 
35 pluralite de cavites 134 (voir figure 2) agencees sous la forme d'une matrice 131, ici 
une matrice carree qui comporte 100 lignes et 100 colonnes par exemple. 
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Chaque cavite 134 de la plaque d'echantillons 130 presents un volume de 
Tordre de quelques dizaines de nanolitres, ici de Tordre de 60 nanolitres. et est 
destinee a contenir un melange de composants provenant des premiere et 
deuxieme plaques d'alimentation 110, 120. 
5 Plus particulidrement, la matrice 131 de la plaque d'echantillons 130 

presente ici une longueur et une largeur d'environ 5,5 cm, las cavites 134 sont 
espacees successivement en ligne d'une longueur 62 de I'ordre de 150 |,im (voir 
figure 3) . Eiles presentent une targeur d^ d'environ 400 ^im pour une profondeur h 
(voir figure 2) de I'ordre de 400-500 \im. 
10 La plaque d'echantillons 130 est constituee d'une tranche support en verre 

131b. transparente aux rayons UV. sur laquelle est coliee chimiquement (« chemical 
bonding » ou « anodic bonding ») une grille de silicium 131a dont les trous 
correspondent aux cavites 134 de la plaque d'echantillons, Cette grille de silicium 
131a est realisee a partir d'une tranche de silicium (« Wafer ») masquee et percee 
1 5 par photolithogravure. 

La premiere plaque d'alimentation 110 et la deuxieme plaque 
d'alimentation 120 sont disposees de part et d'autre de la plaque d'echantillons 130 
selon un axe X, sur un banc 101. 

Comme cela sera decrit plus en detail ulterieurement, ce banc 101 est ici 
20 apte a se deplacer en translation selon I'axe X. 

II est interessant de noter que selon une caracteristique avantageuse du 
dispositif 100, la plaque d'echantillons 130 est disposee sur un support refrigerant 
non represents, de sorte que la quantite faible de produit qui arrive dans chacune 
des cavites de la matrice 131 de la plaque d'echantillons 132. soit refroidie et 
25 eventuellement congelee. 

On limite ainsi I'evaporation du produit place dans chacune des cavites de 
la plaque d'echantillons. 

Selon I'exemple represents, il est prevu a proximite de la plaque 
d'echantillons 130 sur le banc 101. deux recipients 151. 152 disposes 
30 symetriquement de part et d'autre de I'axe X du banc 101 et destines a contenir 
chacun un autre composant. ici le melange mix PGR qui contient une polymerase et 
les nucleotides. Ces recipients 151, 152 sont aptes ^ contenir 100 a 500 microlitres 
de produit. 

Le dispositif 100 comporte une premiere micropipette piezoelectrique 141 
35 apte a prelever une quantite determinee de composant et a delivrer des gouttes de 
composant d'un volume de I'ordre du nanolitre. 
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La quantite prelevee par la micropipette piezoelectrique 141 est de I'ordre 
du microlitre. Bien entendu. on peut prevoir qu'elle preleve plusieurs microlitres. 

Cette micropipette 141 est montee sur un bati 103 motorise du dispositif 
100 de mani^re ^ pouvoir se deplacer seion un axe Y transversa! ^ I'axe X situe 
5 dans le meme pian que celui-ci. et selon un axe Z perpendiculaire aux axes X et Y 
de sorte qu*ei!e puisse venir prelever dans chaque receptacle rempli des premiere 
et deuxi^me plaques d'alimentatton 110, 120, la quantite determinee d'un 
composant. coname cela sera decrit ulterieurement. 

De nnaniere generale. il peut etre prevu dans le dispositif 100 selon 
10 rinvention, des moyens a moteur pour deplacer la micropipette piezoelectrique 141 
selon les axes X, Y, Z perpendiculaires. 

Dans I'exemple represents, it est egalement prevu une deuxieme 
micropipette piezoelectrique 142 identique a la premiere micropipette 
piezoelectrique 141 disposee symetriquement a la premiere par rapport a I'axe X de 
15 telle sorte que les orifices des micropipettes soient parfaitement alignes sur un 
meme axe Y. 

La deuxieme micropipette piezoelectrique 142 est montee sur un bati 102 
motorise de manidre a pouvoir se deplacer selon les axes Y et Z perpendiculaires. 
Ici aussi, on peut prevoir qu'elle soit depla^able selon I'axe X dans une variante de 
20 realisation non representee. 

Les deux micropipettes piezoelectriques 141, 142 sont aptes ^ fonctionner 
en altemance pour remplir les cavites disposees en lignes et en colonnes de la 
matrice 131 de la plaque d'echantillons 130. 

II est prevu des moyens de deplacement relatif de chaque micropipette 
25 piezoelectrique 141. 142 et de la plaque d'echantillons 130, associes a des moyens 
de declenchement de tir de chaque micropipette 141, 142 de maniere que cette 
derniere delivre au moins une goutte de composant dans chaque cavite 134 de la 
plaque d'echantillons 130. 

Ici, avantageusement, ie deplacement relatif de la micropipette 
30 piezoelectrique 141, 142 et de la plaque d'echantillons 130, est continu et les 
moyens de declenchement de tir sont aptes a declencher les tirs de la micropipette 
piezoelectrique correspondante 141, 142 a intervaltes de temps reguliers en 
fonction de la vitesse constante de deplacement relatif de la micropipette 141, 142 
et de la ptaque d'echantillons 130, independamment de la presence ou non d'une 
35 cavite 134 de la plaque d'echantillons 130 au droit de ia micropipette 141, 142. 
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Pour ceia. il est prevu pour remplir les cavites en lignes de la matrice 131 
de la plaque d'echantillons 130, selon le mode de realisation represente sur la figure 
1, que le moyen de deplacement relatif comporte des moyens d'avancement de la 
plaque d'echantillons 130 selon I'axe X paraII6le aux lignes de la matrice 131 de 
5 cavites 134, la micropipette piezo^lectrique correspondante 141. 142 restant fixe 
au-dessus de la plaque d'echantillons 130 lors du remplissage des cavites de cette 
dernidre. 

Lesdits moyens d'avancement comportent un moteur pas a pas ou a 
courant continu et les moyens de declenchement de tir comprennent un compteur 
10 de pas du moteur apte a envoyer un signal electrique externe de declenchement du 
tir tous les Ni pas. 

Plus particulierement, selon Texemple represente. chaque micropipette 
piezoelectrique 141, 142 presente avantageusement une frequence d'ejection de 
1000 hertz ce qui lui permet de delivrer 10 gouttes de 1 nanolitre en 10'^seconde. 
15 II est interessant de souligner que la frequence d'ejection de la micropipette 

piezoelectrique ne doit pas etre trop elevee pour eviter tout risque de desamor^age 
(par cavitation) de cette demiere. 

La frequence d'ejection est alors choisie de maniere optimale pour qu'elle 
soit suffisamment elevee tout en evitant ies risques de desamorfage de la 
20 micropipette en cours d'action. 

i-;aii^ v*t4o ijrpivn-it:, u Soi picvu uju a oi lai^uc; poo^ca^c; ue la pipette 

piezoelectrique au-dessus d'une cavite, celle-ci delivre 10 gouttes de composant de 
1 nanolitre dans la cavite correspondante 134 de la matrice 131 de la plaque 
d'echantillons 130, 

25 Pour ce faire, la micropipette piezoelectrique 141, 142 effectue un tir de 10 

gouttes sur une distance dj de 100 |im au voisinage de chaque axe central de 
chaque cavite 134. comme cela est represente plus particulierement sur la figure 3. 

La pipette piezoelectrique delivre alors 10 gouttes de 1 nanolitre en 10'^ 
seconde sur une distance de 100 |im au voisinage de chaque centre de chaque 

30 cavite 134 de la matrice 131 de plaque d'echantillons, ce qui permet de determiner 
la Vitesse continue d'avancement de 10 mm/s de la matrice 131 de la plaque 
d'echantillons par rapport a la pipette piezoelectrique fixe. 

Avantageusement. chaque micropipette piezoelectrique 141, 142 est telle 
qu'elle est apte a compter le nombre de gouttes qu'elle delivre et a s'arreter au bout 

35 d'un nombre de gouttes determine, fixe au preatabie. 
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Dans le cas present, elle s'arrele alors au bout de 10 gouttes de 
composant delivrees. 

Le moteur pas a pas ou a courant continu non represente sur la figure 
permet de faire d^filer en continu le banc 101 sur lequel se trouve la plaque 
5 d'echantillons. par example seion la fl6che F comme representee sur la figure 3 a 
une Vitesse constante de 10 mm/s. Ce moteur compte ses pas et au bout d'un 
certain nombre de pas correspondant ^ la distance parcourue di + dj, ii envoie 
un ordre (par un signal electrique externe) a la micropipette piezoelectrique 
consideree 141. 142, de declenchement de tir des 10 gouttes de composant, alors 
10 que celle-ci se trouve en principe a proximite d'un centre d'une cavite 134. Le tir de 
la micropipette se deroule sur une distance d^ egale a 100 jim au bout de laquelle ta 
micropipette qui a en principe compte 10 gouttes de composant, s'arrete de delivrer 
le composant du produit. 

Le moteur pas a pas ou a courant continu qui continue a compter ses pas, 
15 fait avancer la plaque d'echantillons d'une distance d4_egale a environ 500 avant 
d'envoyer un nouvel ordre de declenchement de tir a la micropipette 
piezoelectrique, celle-ci se trouvant normalement a proximite du centre de la cavite 
134 suivante sur une meme ligne, et ainsi de suite. 

11 est a noter que ces moyens de declenchement de tir sont independants 
20 du fait qu'une cavit6 de la plaque d'echantillons se trouve au droit de Torifice de la 
micropipette piezoelectrique. mais sont dependants de la vitesse d'avancement 
relatif de la plaque d'echantillons et de la micropipette, de sorte que lorsque la 
micropipette declenche un tir son orifice se trouve a proximite d'un centre d'une 
cavite, 

25 Bien entendu, selon une variante non representee, il peut etre prevu pour 

remplir les cavites en iignes de la matrice d'echantillons des moyens de 
deplacement de la micropipette par rapport 6 la plaque d'echantillons, cette demiere 
restant fixe. 

Ces moyens de deplacement de la micropipette peuvent etre un moteur 
30 pas a pas ou a courant continu qui compte ses pas et qui declenche ie tir de la 
micropipette au passage de I'extremite de cette dernidre au voisinage d'un centre 
d'une cavite de la plaque d'echantillons comme cela a 6te decrit precedemment. 

Un tel moyen de deplacement de la micropipette selon I'axe Y parallele aux 
colonnes de la matrice de la plaque d'echantillons, est utilise selon I'exemple decrit 
35 pour remplir les cavites selon les colonnes de la matrice. 
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Le dispositif 100 comporte de part et d'autre de la plaque d'echantilions 
130 disposee sur le banc 101, des moyens de controle du nombre de gouttes 
delivrees dans chaque cavite, ici un systeme d'emission/reception d'une nappe 
laser 161, 162 dont le faisceau est align6 sur I'axe de d6placement des 
micropipettes. 

Le systeme d'6mission/reception de la nappe laser 161. 162 est apte a 
comptabiliser et a transmettre le nombre de gouttes delivrees dans chaque cavite 
par la micropipette piezo6lectrique, a un dispositif de coordination, une comparaison 
entre le nombre delivre et le nombre theorique pr6vu (ici le nombre 10) est effectue 
par le dispositif de coordination et lors d'un ecart constate entre le nombre 
reellement delivre et le nombre theorique prevu, le dispositif de coordination envoie 
un ordre de second passage de la micropipette piezoelectrique au-dessus de la ou 
les cavite(s) concemee(s) de maniere a delivrer la ou les goutte(s) manquante(s). Si 
I'ecart constate est superieur a un seuil donne, le systeme est apte a enregistrer cet 
1 5 ecart dans un fichier informatique. 

Comme le montre la figure 1 , il est prevu dans le dispositif 100 pour chaque 
micropipette piezoelectrique 141. 142 une station automatique de lavage 170. 
Chaque micropipette ayant sa propre station de lavage au plus proche de la pipette 
concernee. Ces deux stations de lavage 170 sont dispos6es symetriquement par 
20 rapport a I'axe X de part et d'autre du banc 101 alignees sur I'axe de deplacement 
des micropipettes, 

Chaque station automatique de lavage 170 est telle qu'elle permet entre 
chaque ligne ou colonne remplie de la matrice, de iaver la micropipette avec de 
I'eau de javel par exemple, de fa^on a la decontaminer, et de la remplir avec un 

25 liquide transporteur non mixible a I'eau, par exemple de I'octane. Avantageusement. 
il est prevu ^ chaque station de lavage 170, un moyen optique, tel qu'un faisceau 
laser 171 qui permet de controler le bon remplissage de la micropipette avec le 
liquide transporteur. 

En outre, le dispositif 100 comporte un systeme automatique de depose et 

30 de pose de couvercles 180 fixe sur un bati 105 motorise au-dessus du banc 101. a 
rexterieur de la deuxieme plaque d'alimentation 120 (par rapport a la plaque 
d'echantilions). Ce systeme de depose et de pose 180 de couvercles comporte ici 
trois ventouses 181. 182. 183 disposees a I'extremite de bras s'etendant 
radialement a partir d'un point central, et est apte a se deplacer selon I'axe Z pour 

35 venir attraper un couvercle par exemple un couverde 133 de la plaque 
d'echantilions. realise en verre transparent aux rayons UV, et lorsque la plaque 
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d'echantiiions 130 est placee en dessous dudit systeme 180, a deposer ce 
couvercle 133 sur la plaque d'echantiiions 130 remplie pour la femner. Le systeme 
de depose et de pose 180 de couvercles est destine egalement a enlever les 
couvercles non representes des prenniere et deuxi^me plaques d'alimentation avant 
5 la mise en route du processus de remplissage de la matrice de la plaque 
d*6chantillons. 

A roppos6e du systeme automatique de depose et de pose 180 de 
couvercles. il est pr6vu un systeme automatique de pose de joint 190 sur la plaque 
d'echantiiions 130 avant de mettre en place le couvercle. Ce systeme 190 est monte 

10 sur un bSti 104 au-dessus du banc 101 et est motorise de maniere a se deplacer 
selon les axes Z et Y de sorte que, lorsque la plaque d*echantillons 130 se presente 
en dessous de ce systeme 190, en avan^ant selon I'axe X, le deplacement selon 
Taxe Y du systeme de pose de joint 190 permet de placer un joint circulaire sur ia 
plaque d'echantiiions 130. Dans le cas ou la latitude de deplacement du banc 101 

15 est limite selon I'axe X, il peut etre prevu au niveau du systeme automatique de 
pose de joint 190, un autre systeme de depose et de pose de couvercle identique a 
celui decrit precedemment et destine a enlever et a remettre le couvercle de plaque 
d'alimentation 110 situee ^ proximity de celui-ci. 

Selon une caract6ristique particulierement avantageuse, chaque pipette 

20 piezoelectrique 141, 142 du dispositif selon I'invention, comporte deux parties 
conductrices separees par un mat6riau non conducteur, reliees ^ un systeme 
electrique, de sorte que lorsque I'orifice de la micropipette entre en contact avec un 
composant d'un receptacle de la premiere ou la deuxieme plaque d'alimentation, il 
se produit une fermeture du circuit electrique, qui provoque I'arret de celle-ci au 

25 voisinage de la surface du liquide. 

La micropipette comporte ainsi un systeme detecteur de niveau de maniere 
a ce qu'elie ne s'enfonce pas de maniere excessive dans chaque receptacle de 
chaque plaque d'alimentation. 

Le fonctionnement du dispositif 100 represente sur la figure 1 est le 

30 suivant. 

Tout d'abord, le banc 101 se deplace selon I'axe X pour amener la plaque 
d'alimentation 110 en dessous d'un systeme de depose et pose de couvercle 180, 
de sorte que ce demier enl6ve le couvercle de cette plaque, qui reste suspendu par 
les ventouses au-dessus du banc, 
35 En partant de la position au repos representee sur la figure 1 dans laquelle 

on considere que chacune des micropipettes 141, 142 est remplie correctement 
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avec un liquide transporteur. la premiere micropipette 141 se deplace selon I'axe Y 
pour venir au-dessus du banc 101 et la premiere plaque d'alimentation 110 se 
deplace selon I'axe X sur le banc 101 pour que I'orifice de la micropipette se trouve 
au droit du premier receptacle par exemple, 
5 La premiere micropipette descend selon Taxe Z pour prelever une dose 

d'environ 1 microlitre du composant se trouvant dans le receptacle, puis remonte se 
positionner juste au-dessus de la plaque d'alimentation 110. On verifie alors le bon 
amorfage de la micropipette en redistribuant dans le receptacle quelques gouttes 
du composant. 

'•O La plaque d'echantillons 130 vient alors se positionner en dessous de la 

micropipette de sorte que son orifice soit place au droit de la premiere cavite de la 
premiere ligne de la matrice 131 de la plaque d'echantillons 130. 

Puis le moteur pas a pas ou a courant continu deplace le banc 101 pour 
faire avancer en continu la matrice 131 de la plaque d'echantillons selon Taxe X a la 
15 Vitesse de 10 mm/s (comme decrit precedemment) la micropipette effectuant a des 
inten/alles de temps reguliers des tirs de 10 gouttes de 1 nanolitre a une frequence 
de 1000 hertz, dans chacune des cavites de la premiere ligne de la matrice 131 de 
la plaque d'echantillons 130. 

A chaque tir de la micropipette, le systems d'emission/reception de la 
20 nappe laser 161, 162 compte les gouttes d6livr6es. 

Lorsque la micropipette 141 arrive en bout de ligne, la plaque d'echantillons 
130 change de sens de parcours de sorte que les cavites de la matrice 131 deja 
remplies repassent en dessous de la micropipette pour que celle-ci delivre 
eventuellement des gouttes supplementaires dans certaines cavites qui comportent 
25 moins de 10 gouttes, I'ordre de correction ayant ete obtenu grace au syst^me 
d'emission/reception de la nappe laser 161, 162 tel que decrit precedemment. 

La micropipette 141 ayant effectue un deuxieme passage revient alors en 
se depla9ant selon I'axe Y au niveau de la station automatique de lavage 170 situee 
de son cote, pour etre lavee avec de I'eau de javel (par exemple) et remplie de 
30 nouveau avec le liquide transporteur. Elle se positionne alors en attente. 

La seconde micropipette 142 entre en action lorsque la premiere 
micropipette 141 a termine son second passage au-dessus de la premiere ligne de 
la plaque d'echantillons 130. 

La micropipette 142 effectue son mouvement de translation selon I'axe Y 
35 pendant que la premiere plaque d'alimentation 110 se deplace selon I'axe X de 
sorte que la micropipette 142 vienne se positionner au droit de la deuxieme cavite 
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de la premiere plaque d'alimentation 110. Elte se deplace aiors selon I'axe Z pour 
prelever une quantite determinee de I'ordre de 1 microlitre du composant se 
trouvant dans cette cavite. 

Lorsque la deuxidme micropipette 142 est remplie du deuxieme 
5 composant, elle remonte I6g6rement selon I'axe Z afin de verifier son amorfage. 
Elie se deplace aussi selon I'axe Y pendant que le banc 101 amene selon I'axe X la 
plaque d'echantillons 130 en dessous de la micropipette 142 de sorte que son 
orifice se place au droit de la premiere cavite de la deuxieme ligne de la matrice 
131. Celle-ci avance sous Taction du moteur, comme decrit precedemment, et la 

10 micropipette 142 effectue a intervalles de temps reguliers des tirs de 10 gouttes a 
une frequence de 1000 hertz dans chacune des cavites de la deuxieme ligne de la 
matrice 131 de la plaque d'echantillons 130 lors du passage de Torifice de la 
micropipette au voisinage du centre de chacune des cavites. 

De la meme maniere. arrivee en bout de ligne, la plaque d'echantillons 130 

1 5 change de sens de parcours et la matrice repasse en dessous de la micropipette 
142 de sorte qu'elle puisse effectuer des corrections de tir dans certaines cavites, 
I'ordre ayant ete obtenu grace au systeme d'emission/reception de la nappe laser 
161, 162. 

Ainsi de suite, en altemance les micropipettes 141. 142 remplissent les 
20 cavites en iignes de la matrice 131 de la plaque d'echantillons 132 avec les 
composants differents contenus dans les receptacles de la premiere plaque 
d'alimentation 110. 

Entre chaque cycle de distribution de la plaque d'echantillons, les 
micropipettes sont Iav6es dans leur station de lavage 170 et sont remplies du liquide 
25 transporteur, leur amor^age ayant ete controle grace au dispositif a faisceau laser 
correspondant associe a chacune des stations de lavage 170. 

Le banc 101 se deplace selon I'axe X pour que le systeme de depose et 
pose de couvercle 180 repose le couvercle sur la plaque d'alimentation 110 et retire 
le couvercle de la deuxieme plaque d'alimentation 120, 
30 Puis vient le remplissage par colonne des cavites 134 de la matrice 131 de 

la plaque d'echantillons 130, avec les composants contenus dans les receptacles de 
la deuxieme plaque d'alimentation 120 du dispositif 100. 

Les micropipettes 141, 142 fonctionnent egalement en altemance une 
colonne sur deux. On decrira alors ci-apres seulement le remplissage d'une colonne 
35 de la matrice de la plaque d'echantillons. 
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La micropipette 141 remplje du liquide transporteur adequate se deplace 
selon I'axe Y pour se placer au-dessus du banc 101 pendant que la deuxieme 
plaque d'alimentation 120 se deplace selon I'axe X pour venir en dessous de Torifice 
de la micropipette de sorte que celle-ci puisse prelever une quantite d'environ 1 
5 microlitre du composant du premier receptacle de la deuxieme plaque 
d'alimentation. On verifie ramorg:age comme decrit prec6demment. 

La micropipette 141 se deplace alors selon I'axe Y pendant que le banc 
101 se deplace selon I'axe X de sorte que Torifice de la micropipette se trouve au- 
dessus de la premiere cavite de la premiere colonne de la matrice 131 de la plaque 
10 d'echantillons 132. 

La micropipette 141 se deplace alors a vitesse constante d'environ 10 
mm/s selon I'axe Y le long de la premiere colonne de la matrice, le mouvement de la 
translation de la micropipette etant assure par un moteur pas a pas ou a courant 
continu. 

15 La micropipette 141 effectue des tirs a intervalles de temps reguliers de 10 

gouttes a une frequence de 1000 hertz lors du passage de son orifice au voisinage 
du centre de chacune des cavites de la premiere colonne de la matrice. 

A chaque tir, le systeme d'emission/reception de la nappe laser 161, 162 
controle le nombre de gouttes d^livrees dans la cavite correspondante. 
20 Arrivee en bout de colonne, ia micropipette change de sens de parcours et 

repasse au-dessus des cavites qu'elle vient de remplir pour effectuer d'eventuelles 
corrections dont I'ordre a ete obtenu grace au systeme d'emission/reception de la 
nappe laser 161, 162. 

Puis, la micropipette 141 revient a ia station de lavage en se deplagant 
25 selon I'axe Y pour etre lavee et remplie de nouveau avec le liquide transporteur 
avant de se positionner en attente. 

La deuxieme micropipette 142 entre en action lorsque la premiere 
micropipette 141 a termine son deuxieme passage. Elle remplit alors les cavites de 
la deuxieme colonne avec des doses de 10 nanolitres du composant contenu dans 
30 le deuxieme receptacle de la deuxieme plaque d'alimentation. 

Ainsi, on remplit les colonnes et les lignes de la matrice 131 de la plaque 
d'echantillons 130 avec les differents composants des premiere et deuxieme 
plaques d'alimentation 110, 120. 

Le banc 101 se deplace selon I'axe X pour positionner la deuxieme plaque 
35 120 en dessous du systeme a ventouses 180 afin que celles-ci replacent le 
couvercle sur ladite plaque. 
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Enfin. vient ie remplissage des cavites 134 de la matrice 131 de la plaque 
d'echantillons 130 avec Ie mix PGR se trouvant dans les recipients 151, 

Pour ce faire, la methode de distribution est identique au remplissage des 
lignes de la matrice tel que d6crit precedemment, les deux micropipettes 
5 fonctionnant en alternance. 

Chaque micropipette 141, 142 venant d'abord au niveau du banc 101 pour 
prelever une dose du composant se trouvant dans Ie recipient 151. 152, puis la 
matrice 131 de la plaque d'echantillons vient en dessous de Torifice de la 
micropipette et avance a vitesse constante et a chaque passage du centre d'une 
10 cavite, la micropipette delivre 10 gouttes du composant correspondant dans la 
cavite. 

Ainsi, la plaque d'echantillons 130 est totalement remplie avec deux series 
de composants differents et un composant commun : une premiere serie de 
composants provenant de la premiere plaque d'aiimentation correspondant a une 
15 serie de prelevements d'ADN, une deuxieme serie de composants provenant de la 
deuxieme plaque d'aiimentation correspondant a une sene d'amorces specifiques 
de sequences particuiieres d*ADN. et un troisi6me composant commun, Ie mix PGR. 

Le volume global de ces trois composants dans chaque cavite 134 de la 
matrice 131 de la plaque d'echantillons 130, est de I'ordre de 30 nanolitres. 
20 Gomme nous I'avons dej^ explicit^, il est avantageux que la plaque 

d'echantillons 132 soit disposee sur un systeme refrigerant de sorte que la quantite 
de composant arrivant dans une cavite de la matrice soit refroidie. On limite ainsi les 
problemes d'evaporation des quantites tres faibles distributes dans les cavites. 

Lorsque la plaque d'echantillons 130 est completement remplie, elie se 
25 deplace selon I'axe X au niveau du systeme de pose de joint 190. qui descend selon 
I'axe Z au niveau de la plaque d'echantillons et se deplace selon I'axe Y pendant 
que la plaque d'echantillons 130 se deplace selon I'axe X, de manifere ^ deposer un 
joint circulaire sur la plaque d'echantillons 130 autour de la matrice de cavites. 

Puis, ta plaque d'echantillons remplie portant son joint peripherique se 
30 deplace selon I'axe X pour venir se placer en dessous du systeme 180 de depose et 
de pose de couvercles. qui prealablement est allee prendre par ses ventouses un 
couvercle 133 de la plaque d'echantillons 130, et le maintient au-dessus du banc 
101, 

Elle refoit alors le couvercle 133 en verre transparent aux rayons UV sur le 
35 joint qu'elle porte. 
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La plaque d'echantillons 130 est aiors prete a subir les traitements 
ulterieurs pour mettre en oeuvre ici la technique PCR. 

Bien entendu, le dtspositif 100 selon invention permet de remplir la plaque 
d'echantillons avec toutes sortes de composants en vue de mettre en oeuvre 
5 d'autres reactions chimiques ou biologiques en milieu liquide. 

Le dispositif 100 selon I'invention pr6sente les avantages suivants. 

- II est enti6rement automatise et permet en un temps tres court proche 
d'une heure, de remplir une plaque d'echantillons comportant 10 000 cavites afin de 
realiser 10 000 echantillons differents d'un volume de quelques dizaines de 

1 0 nanolitres. 

Ceci est particulierement avantageux dans le domaine de I'analyse 
genetique ou Ton cherche a limiter les volumes reactionnels utilises. Le dispositif est 
aussi particulierement avantageux dans la mesure ou 11 realise N x M echantillons 
reactionnels a partir de N + M prelevements seulement 
15 - La plaque d'echantillons telle que decrite selon ['invention, est amovible et 

reutilisable apres lavage. 

- Le dispositif 100 permet de realiser une plaque d'echantillons en toute 
hygiene ce qui permet d'eviter les contaminations. Un tel dispositif permet 
egalement de realiser en toute securite des echantillons reactionnels a partir de 

20 composants dangereux. 

- Enfin, le dispositif 100 est particuli^rem.ent avantageux dans la mesure ou 
ii permet de preparer des melanges reactionnels dans une plaque etanche pouvant 
ulterieurement (apr6s stockage possible) etre envoyee dans un four pour y subir des 
cycles de temperature (par exemple pour la mise en oeuvre des reactions de PCR). 

25 Bien entendu, la presente invention n'est nullement iimitee au mode de 

realisation decrit et represente, mais I'homme du metier saura y apporter toute 
variante conforme a son esprit. 

En particulier, il peut etre prevu que la matrice de la plaque d'echantillons 
ne soit pas une matrice carree mais une matrice comportant au moins N lignes 
30 correspondent aux N receptacles remplis de la premiere plaque d'alimentation 
remplie et au moins M colonnes correspondant au M receptacles remplis de la 
deuxieme plaque d'alimentation. 

Les premiere et deuxieme plaques d'alimentation peuvent etre de simple 
support de tubes a essai dans la mesure ou I'on cherche a stocker une quantite de 
35 produit plus importante que celle pouvant etre stockee dans les micropuits des 
plaques du type microplaque. 
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On peut prevoir que le dispositif seion I'invention comprenne un nombre 
superieur a 2 de micropipettes piezoelectriques fonctionnant en alternance 
synchronisee. Un tel dispositif peut egaiement comprendre un plus grand nombre 
(superieur ^ 2) de plaque d'alimentation, pour preparer une plaque d'6chantillons a 
5 partir d'un plus grand nombre de series de composants. 
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REVENDICATIONS 

LDispositif automatique (100) de realisation d'une pluralite d'echantillons 
reactionnels a partir de plusieurs composants pour la mise en ceuvre de reactions 
5 chimiques ou biologiques en milieu liquide, notamment le dosage d'au moins un 
composant ou analyte particulier dans un prelevement biologique. caracterise en ce 
qu'il comporte : 

- une premiere plaque d'alimentation (110), notamment une plaque amovible du 
type microplaque. comportant N receptacles destines chacun a contenir un 

10 composant. 

- une deuxieme plaque d'alimentation (120), notamment une plaque amovible du 
type microplaque, comportant M receptacles destines chacun a contenir un 
composant, 

- une plaque d'echantillons (130) amovible, comprenant une pluralite de cavites 
15 agencees sous la forme d'une matrice (131) comportant au moins N iignes et au 

moins M colonnes, chaque cavite presentant un volume de I'ordre de quelques 
dizaines de nanolitres. et etant destinee a contenir un melange de composants 
provenant des premiere et deuxieme plaques d'alimentation (110, 120), 

- une micropipette piezoelectrique (141 ; 142) apte 6 prelever une quantite 
determin^e de composant et a d^iivrer des gouttes de volume de I'ordre du 
nsnolitrs 

- des moyens pour deplacer la micropipette piezoelectrique selon au moins deux 
axes Y, Z perpendiculaires de sorte qu'elle puisse venir prelever dans chaque 
receptacle rempli des premiere et deuxieme plaques d'alimentation (110. 120), la 

25 quantite determinee d'un composant. et 

- des moyens de deplacement relatif (101) de la micropipette piezoelectrique (141 ; 
142) et de la plaque d'6chantillons (130), associes a des moyens de declenchement 
de tir de la micropipette (141 ; 142) de maniere que cette demi^re d6livre au moins 
une goutte de composant dans chaque cavite de la plaque d'echantillons (130). 

2. Dispositif selon la revendication 1. caracterise en ce que le deplacement 
relatif de la micropipette piezoelectrique (141 ; 142) et de la plaque d'echantillons 
(130), est continu et les moyens de declenchement de tir sont aptes a declencher 
des tirs de la micropipette a intervalles de temps reguliers en fonction de la vitesse 
constante de deplacement relatif de ladite micropipette (141 ; 142) et de la plaque 
35 d'echantillons (130). independamment de la presence ou non d'une cavite de la 
plaque d'echantillons (130) au droit de ladite micropipette. 
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3. Dispositif selon Tune des revendications 1 ou 2. caracterise en ce que 
les moyens de depiacement relatif (110), sont des moyens d'avancement de la 
plaque d'^chantiltons (130) selon un axe X paralldle aux lignes de la matrice (131) 
des cavit^s, et/ ou selon un axe Y parall6le aux colonnes de la matrice (131) des 

5 cavites. la micropipette piezo6iectrique (141 ; 142) restant fixe au-dessus de la 
plaque d'6chantillons (130) pendant le remplissage desdites cavites. 

4. Dispositif selon Tune des revendications 1 ou 2, caracterise en ce que les 
moyens de depiacement relatif sont des moyens d'avancement de la micropipette 
selon des axes X et/ou Y paralleles respectivement aux lignes et aux colonnes de la 

10 matrice de cavites de la plaque d'echantillons qui reste fixe en dessous de ladite 
micropipette piezoeiectrique, pendant le remplissage desdites cavites. 

5. Dispositif selon I'une des revendications 3 ou 4, caracterise en ce que 
les moyens d'avancement comprennent un moteur pas a pas ou a courant continu. 
et les moyens de declenchement de tir comprennent un compteur des pas du 

1 5 moteur apte a envoyer un signal de declenchement de tir tous les Ni pas. 

6. Dispositif selon Tune des revendications precedentes, caracterise en ce 
que la micropipette piezoeiectrique (141 ; 142) est apte a compter le nombre de 
gouttes qu'elle d6livre et ^ s'arreter de tirer au bout d'un nombre determine de 
gouttes delivr6es. 

20 7. Dispositif selon Tune des revendications pr6c6dentes, caracterise en ce 

qu'il comporte un plateau refrigerant supportant la plaque d'echantillons (130). 

8. Dispositif selon I'une des revendications pr6cedentes, caracterise en ce 
qu'il est prevu au moins un systeme optique (161 ; 162) , tel que 
remission/reception d'une nappe laser, au droit de la plaque d'echantillons (130), 

25 apte a compter le nombre de gouttes delivrees a chaque tir de la micropipette 
piezoeiectrique (141 ; 142), et a transmettre ce nombre a un dispositif de 
coordination pour qu'un ordre de second passage au droit d'une cavite ou plusieurs 
cavite(s), soit envoye ^ la micropipette lors d'un ecart constate entre le nombre de 
gouttes tirees comptabilise et le nombre de gouttes theorique prevu. 

30 9. Dispositif selon I'une des revendications precedentes, caracterise en ce 

qu'il comporte une autre micropipette piezoeiectrique (142) identique a la premiere 
(141), les deux micropipettes (141 ; 142) fonctionnant en alternance. 

10. Dispositif selon I'une des revendications precedentes, caracterise en ce 
qu'il comporte une station automatique de lavage (170) associee a chaque 

35 micropipette piezoeiectrique (141 ; 142) assurant la decontamination de celte-ci. 
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11. Dispositif selon la revendication 10, caracterise en ce que cheque 
station de lavage (170) comporte des moyens de remplissage de la micropipette 
piezoelectrique (141 ; 142) avec un liquide transporteur non mixible a I'eau et des 
moyens optiques (171) de verification du bon remplissage de ladite micropipette 

5 (141 ; 142). 

12. Dispositif selon Tune des revendications prec6dentes, caract6ris6 en ce 
que chaque micropipette piezoelectrique (141 ; 142) comporte deux parties 
conductrices separees par un materiau non conducteur, reliees en partie superieure 
a un systeme 6lectrique, de sorte que lorsque Torifice de ia micropipette 

10 piezoelectrique entre en contact avec un composant d'un receptacle de la premiere 
ou de la deuxieme plaque d'atimentation, il se produit une fermeture du circuit 
electrique forme par les deux parties conductrices reliees electriquement de ladite 
micropipette, qui commande I'arret du deplacement vertical de la micropipette. 

13. Dispositif selon Tune des revendications precedentes, caracterise en ce 
15 qu'il est prevu un moyen automatique (190) de depose d'un joint sur la plaque 

d'echantillons (130). 

14. Dispositif selon Tune des revendications precedentes, caracterise en ce 
quil est prevu un moyen automatique a ventouses (180) de d6pose et de pose de 
couvercles sur les premiere et deuxi§me plaques d'alimentation (110, 120) ainsi que 

20 sur la plaque d'echantillons (130) remplie. 

15. Dispositif selon Tune des revendications precedentes, caracteris6 en ce 
que les premiere et deuxieme plaques d'alimentation (110, 120) sont disposees 
selon I'axe X de part et d'autre de la plaque d'echantillons (130). Tensembie 
desdites plaques (110, 120, 130) etant porte par un banc (110) mobile selon ledit 

25 axe X. 

16 Dispositif selon Tune quelconque des revendications precedentes. 
caracterise en ce que la matrice (131) de cavites de la plaque d'echantillons (130) 
est une matrice carree avec N egal ^ M. 

17. Dispositif selon la revendication 16, caracterise en ce que ladite matrice 
30 (131) presente une largeur d'environ 5 cm, et en ce qu'elle comporte 100 colonnes 

et 100 lignes avec des cavites de largeur (di) egale a environ 400 fim, et de 
profondeur egale a environ 400-500 |im, deux cavites successives sur une ligne 
etant espacees d'une distance (d2) egale ^ environ 150 ^m. 

18. Dispositif selon I'une quelconque des revendications precedentes, 
35 caracterise en ce qu'il comporte d'autres recipients (151, 152) de composants 

differents disposes a proximite de la plaque d'echantillons (130). 
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(75) Inventeurs/D^posants (US seuiement): COHEN, Patrick 
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(54) Title: AU^I^lAXICLJlEyjCE-eQR-I^DUCIN^ CHEMICA L OR BIOLOGICAL REACTIONS IN 

Liquid medium ^ 

(54)titre: dispositif automatique de realisation d'echantillons en vue de la mise en oeuvre de 
reactions chimiques ou biologiques en milieu liquide 



(57) Abstract 

The invention concerns an automatic device (100) 
for producing a plurality of reaction samples from several 
constituents to be used in chemical or biological reactions 
in liquid medium. The invention is characterised in that 
it comprises: a first supply plate (110), comprising N 
receptacles containing constituents; a second supply plate 
(120), comprising M receptacles containing constituents; a 
sample plate (130), comprising several cavities with volume 
of the order of some dozen nanolitres, designed to contain 
a mixture of constituents; a piezoelectric micropipette (141; 
142) for delivering drops with volume of the order of one 
nanolitre; means for moving the piezoelectric micropipette 
along at least two perpendicular axes Y, Z such that it 
can tap from each filled receptacle, a predetermined amount 
of constituent; and means for displacing the piezoelectric 
micropipette relatively to the sample plate, associated with 

means triggering extraction such that said pipette delivers at least one drop of constituent in each cavity of the sample plate. 
(57) Abrdg^ 




L' invention conceme un dispositif automatique (100) de r6alisation d'une pluralitd d'^chantillons r6actionnels h partir de plusieurs 
composants pour la mise en oeuvre de reactions chimiques ou biologiques en milieu liquide. Selon 1* invention, il comporte: une premiere 
plaque d' alimentation (110), comportant N receptacles contenant des composants, une deuxi^me plaque d'alimentation (120), comportant 
M receptacles contenant des composants, une plaque d*6chantillons (130), comprenant plusieurs cavit6s prdsentant un volume de I'ordre de 
quelques dizaines de nanolitres, destin6e h, contenir un melange de composants, une micropipette piezo61ectrique (141, 142) apte k d61ivrer 
des gouttes de volume de Pordre du nanolitre, des moyens pour ddplacer la micropipette piezo61ectrique selon au moins deux axes Y, 
Z perpendiculaires de sorte qu'elle puisse venir prdlever dans chaque rdceptacle rempli, une quantity determinde d'un composant, et des 
moyens de d6placement relatif de la micropipette piezo6lectrique et de la plaque d'6chantillons, associ6s ^ des moyens de ddclenchement 
de tir de manifere que ladite mciropipette ddlivre au moins une goutte de composant dans chaque cavit6 de la plaque d*6chantillons. 
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mandataire 
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Demande Internationale n" 
PCT/FR99/00640 


Date du depot international (jour/mois/annee) 
19/03/1999 


Date de priorite (jour/mois/annee) 
20/03/1998 


Classification Internationale des brevets (CIB) ou a la fois classification natlonale et CIS 
G01N35/10 


Deposant 

FONDATION JEAN DAUSSET-CEPH et al. 



1 . Le present rapport d'exannen preliminaire international, etabli par radministaratlon chargee de I'examen preliminaire 
international, est transnnis au deposant conformement a rarticle 36. 

2. Ce RAPPORT comprend 5 feuilles, y comprls la presente feuille de couverture. 

□ II est accompagne d'ANNEXES, c'est-a-dire de feuilles de la description, des revendicatlons ou des dessins qui ont 
ete nnodifiees et qui servent de base au present rapport ou de feuilles contenant des rectifications faites aupres de 
Tadministratlon chargee de I'examen prelinninaire international (voir la regie 70.16 et I'instruction 607 des Instructions 
adnninistratives du PCT). 

Ces annexes connprennent feuilles. 



3. Le present rapport contient des indications relatives aux points suivants; 

I S Base du rapport 

II □ Priorite 

III □ Absence de formulation d'opinion quant a la nouveaute, I'activite inventive et la possibility 

d'application industrielle 

IV □ Absence d'unite de invention 

V S Declaration motivee selon I'article 35(2) quant a la nouveaute, I'activite Inventive et la possibilite 

d'application industrielle; citations et explications a I'appui de cette declaration 

VI □ Certains documents cites 

VII S Irregularites dans la demande internationale 

VII! □ Observations relatives a la demande Internationale 



Date de presentation de la demande d'examen preliminaire 
internationale 

18/10/1999 



Date d'achevement du present rapport 



10.07.2000 



Nom et adresse postale de I'administration chargee de 
I'examen preliminaire international: 
Office europeen des brevets 
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Fax: +49 89 2399 - 4465 



Fonctionnaire autorise 
Weaver, M 

N" de telephone +49 89 2399 2825 
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RAPPORT D EXAMEN 
PRELIMINAIRE INTERNATIONAL 



Demande intemationale n° PCT/FR99/00640 



I. Bas du rapport 

1 . Ce rapport a ete redige sur la base des elements ci-apres (/es feuilles de remplacement qui ont ete remises a 
I'office recepteur en reponse a une invitation faite conformement a I'article 14 sont considerees, dans le present 
rapport, comme "initialement deposees" et ne sont pas jointes en annexe au rapport puisqu'elles ne contiennent 
pas de modifications.) : 

Description, pages: 

1-17 version Initiale 

Revendtcations, 

1-18 version initiale 

Oessins, feuilles: 

1/2-2/2 version initiale 

2. Les modifications ont entraine I'annulation : 

□ de la description, pages : 

□ des revendications, n°^ : 

□ des dessins, feuilles : 

3. □ Le present rapport a ete formule abstraction faite (de certaines) des modifications, qui ont ete considerees 

comme allant au-dela de Texpose de I'invention tel qu'il a ete depose, comme 11 est indique ci-apres 
(regie 70.2(c)) ; 

4. Observations complementaires, le cas echeant : 
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RAPPORT D'EXAMEN 

PRELIMINAIRE INTERNATIONAL Demande intemationale n° PCT/FR99/00640 



V. Declaration motivee s Ion I'articI 35(2) quant a la nouv aute, Tactivite inventive t la possibilite 
d'application industrlelle; citations et explications a Tappui de cette declaration 

1 . Declaration 
Nouveaute 

Activite inventive 

Possibilite d'application industrielle 

2. Citations et explications 
voir feu i lie separee 

Vll. Irregularites dans la demande Internationale 

Les irregularites suivantes, concemant la forme ou le contenu de la demande Internationale, ont ete constatees ; 
voir feuille separee 



Qui : 


Revendlcations 


Non : 


Revendicatlons 


Oui : 


Revendlcations 


Non : 


Revendicatlons 


Oui : 


Revendicatlons 


Non : 


Revendlcations 
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RAPPORT D'EXAMEN Demande intemationale PCT/FR99/00640 

PRELIMINAIRE INTERNATIONAL - FEUILLE SEPAREE 



Concernant le point V 

Declaration motivee selon I'article 35(2) quant a la nouveaute, Vactivite inventive 
et la possibilite d'application industrielle; citations et explications a I'appui de 
cette declaration 

1 . Aucun des documents cites dans le rapport de recherche intemationale ne decrit 
un dispositif automatique de realisation d'une pluralite d'echantillons reactionnels 
a partir de plusieurs composants pour la mise de oeuvre de reactions chimiques 
ou biologiques en milieu liquide, notamment le dosage d'au moins un composant 
ou analyte particulier dans un prelevement biologique comprenant des pipettes 
prelevant directement les composants puis delivrant les gouttes dans des 
receptacles. Ce dispositif presente I'avantage qu'une seule pipette peut effectuer 
de maniere plus souple plusieurs centaines de prelevements et des mises en 
place tres diverses, lesquels sont necessaires pour des operations de 
sequengage. 

Le document D1 = WO-A-97 44134 qui represente I'art anterieur le plus proche 
concerne un dispositif a jets pulses qui permet de produire des gouttes, un 
dispositif d'ejection et dans sa partie superieure des moyens assurant le 
remplissage du dispositif. Comme le remplissage est effectue par le haut, il est 
necessaire de prevoir une pipette par composant, ce qui necessite d'avoir un 
grand nombre de pipettes qui chacune vont contenir un composant different. 
Grace a la contenance de chacun des dispositifs a jets pulses, ce dispositif 
autorise la realisation de la meme operation de nombreuses fois. 

L'objet de la revendication 1 est considere comme etant nouveau et presentant 
une activite inventive (Articles 33(2) et 33(3) PCT. 

2. Les revendications 2 a 18 dependent de la revendication 1 et satisfont done 
egalement, en tant que telles, aux conditions requises par le PCT en ce qui 
concerne la nouveaute et I'activite inventive (Articles 33(2) et 33(3) PCT). 
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Concernant le point VII 

Irregularites dans la demande intemationale 

1 . En vertu des conditions de la regie 5.1 a) ii) PCX, le demandeur est prie 

d'indiquer dans la description I'etat de la technique anterieure pertinent expose 
dans le document D1 et de le citer. 
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(PCT Article 36 and Rule 70) 



Applicant's or agent's file reference 
339827/17354 


See Notification of Transmittal of International 
FOR FURTHER ACTION preliminao' Examination Report (Form PCT/IPEA/416) 


International application No. 

PCT/FR99/00640 


International filing date {day/month/year) 
19 March 1999(19.03.99) 


Priority date {day/month/year) 

20 March 1998 (20.03.98) 


International Patent Classification (IPC) or national classification and IPC 
COIN 35/10 


^P^'*''^"' FONDATION JEAN DAUSSET-CEPH 



This international preliminary examination report has been prepared by this International Preliminary Examining 
Authority and is transmitted to the applicant according to Article 36. 



This REPORT consists of a total of 



sheets, including this cover sheet. 



□ This report is also accompanied by ANNEXES, i.e., sheets of the description, claims and/or drawings which have 
been amended and are the basis for this report and/or sheets containing rectifications made before this Authorit>' 
(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 



These annexes consist of a total of _ 



sheets. 



This report contains indications relating to the following items: 
Basis of the report 
Priority 

Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

Lack of unity of invention ; , 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement - i 

Certain documents cited ^ 

Certain defects in the international application v - 

Certain observations on the international application [■ i -~j 



I 




il 
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III 
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IV 
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V 




VI 
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VII 




VIII 


□ 



Dale of submission of the demand 

18 October 1999 (18.10.99) 


Date of completion of this report 

10 July 2000(10.07.2000) 


Name and mailing address of the IPEA/EP 
Facsimile No. 


Authorized ofTicer 
Telephone No. 
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International application No. 

PCT/FR99/00640 



Basis of the report 



This report has been drawn on the basis {Replacement sheets which have been furnished to the receiving Office in response to an invitation 
under Article 14 are referred to in this report as "originally filed" and are not annexed to the report since they do not contain amendments.). 

I I the international application as originally filed. 

the description, pages , as originally filed, 

pages , filed with the demand, 

pages , filed with the letter of 

pages , filed with the letter of — 



the claims. 



Nos. 
Nos. 
Nos. 
Nos. 
Nos. 



1-18 



, as originally filed, 

, as amended under Article 19, 

, filed with the demand, 

, filed with the letter of 

, filed with the letter of 



the drawings, 



sheets/fig 
sheets/fig 
sheets/fig 
sheets/fig 



1/2-2/2 



as originally filed, 
filed with the demand, 
filed with the letter of 
filed with the letter of 



2. The amendments have resulted in the cancellation of: 

I I the description, pages 

I I the claims, Nos. 

I I the drawings, sheets/fig 



2 I I This report has been established as if (some oO the amendments had not been made, since they have been considered 
— ' to go beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c)). 



4. Additional observations, if necessary: 
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International application No. 

PCT/FR 99/00640 


V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability- 
citations and explanations supporting such statement 


1 . Statement 





Novelty (N) Claims 

Claims 

Inventive step (IS) Claims 

Claims 

Industrial applicability (lA) Claims 

Claims 

2. Citations and explanations 

1. None of the documents cited in the international 

search report describes an automatic device for 
producing a plurality of reaction samples from 
several components in order to carry out chemical or 
biological reactions in liquid medium and, in 
particular, for measuring at least one individual 
component or analyte in a biological sample, said 
device including pipettes directly collecting 
samples of the components then dispensing the drops 
into vessels. The advantage of this device is that 
a single pipette can perform several hundred 
sampling operations and very varied loading 
operations in a more versatile manner, said 
operations being necessary for sequencing 
operations . 

WO-A-97 44134 (Dl), which is the closest prior art, 
relates to a pulse- j etting device which enables the 
production of drops, a dispensing device and, in the 
upper portion thereof, means for filling the device. 
Since filling is carried out from above, provision 
must be made for one pipette per component. This 
means that a large number of pipettes are required, 
each of which will contain a different component. 
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International application No. 

PCT/FR 99/00640 



Owing to the capacity of each of these pulse- j etting 
devices, this device enables the same operation to 
be carried out numerous times. 

The subject matter of Claim 1 is considered to be 
novel and to involve an inventive step ( PCT Article 
33 (2) and 33 (3) ) . 

Claims 2 to 18 are dependent on Claim 1 and, as 
such, therefore also fulfil the requirements of the 
PCT concerning novelty and inventive step (PCT 
Article 33(2) and 33(3)). 
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VII. Certain defects in the international application 



The following defects in the form or contents of the international application have been noted: 



Pursuant to the requirements of PCT Rule 5.1(a) (ii), the 
applicants are requested to indicate in the description 
the relevant prior art disclosed in Dl and to cite that 
document . 
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TRAITE DENSS^PERATION EN MATIERE DE B^t^iVETS 



PCT 



RAPPORT DE RECHERCHE INTERNATIONALE 
(article 18 et regies 43 at 44 du PCT) 



Reference du dossier du deposant ou 
du mandataire 

339827/17354 


POUR SUITE notification de transmission du rapport de recherche internationale 
{formulaire PCT/lSA/220) et. le cas echeant. le point 5 ci-apres 

A DONNER 


Demande Internationale n- 

PCT/FR 99/00640 


Date du depot in[emat\ona\(jOur/mois/annee) 

19/03/1999 


(Date de priorite (la plus ancienne) 
(jour/mois/ann ee) 

20/03/1998 


Deposant 

FONDATION JEAN DAUSSET-CEPH et al . 



Le present rapport de recherche internationale. etabli par radministration chargee de la recherche internationale. est transmis au 
deposant conformement a I'article 18. Une copie en est transrrtise au Bureau international. 

Ce rapport de recherche internationale comprend 3 feuilles. 

[X] II est aussi accompagne d'une copie de chaque document relatif a I'etat de la technique qui y est cite. 



1 . Base du rapport 

a. En ce qui concerne la langue, la recherche internationale a ete effectuee sur la base de la demande internationale dans la 
langue dans laquelle elte a ete deposee, sauf indication contraire donnee sous le meme point. 



□ 



la recherche internationale a ete effectuee sur la base d'une traduction de la demande internationale remise a radministration. 



b. En ce qui concerne les sequences de nucleotides ou d'acides amines divulguees dans la demande internationale (!e cas echeant), 
la recherche internationale a ete effectuee sur la base du listage des sequences : 
I I contenu dans la demande internationale. sous forme ecrite. 

I I deposee avec la demande internationale, sous forme dechiffrable par ordinateur. 

I I remis ulterieurement a radministration, sous forme ecrite. 

I I remis ulterieurement a radministration, sous forme dechiffrable par ordinateur. 

I I La declaration, seton laquelle le listage des sequences presente par ecrit et fourni ulterieurement ne vas pas au-dela de la 
divulgation faite dans la demande telle que deposee, a ete fournie. 

I I La declaration, selon laquelle les informations enregistrees sous forme dechiffrable par ordinateur sont identiques a celles 
du listage des sequences presente par ecrit. a ete fournie. 

I I II a ete estime que certaines revendicatlons ne pouvaient pas laire I'objet d'une recherche (voir le cadre I). 
I I II y a absence d'unite de {'invention (voir le cadre II). 



4. En ce qui concerne le titre, 

fX] le texte est approuve tel qu'il a ete remis par le deposant. 

I I Le texte a ete etabli par radministration et a la teneur suivante: 



En ce qui concerne Tabrege, 

Py"^ le texte est approuve tel qu'il a ete remis par le deposant 

□ le texte (reproduit dans le cadre III) a ete etabli par radministration conformement a la regie 38.2b). Le deposant peut 
presenter des observations k radministration dans un delai d'un mois a compter de la date d'expedition du present rapport 
de recherche internationale. 

La figure des desslns a publier avec I'abrege est la Figure n^ 



[X] suggeree par le deposant. Aucune des figures 

□ , _j . , , ' ^ ^- n'est a publier. 

parce que le deposant n'a pas suggere de figure. ^ 

I I parce que cette figure caractertse mieux I'invention. 
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CIB 6 G01N35/10 B01L3/02 //B81B3/00 , B81B5/00 



Selon la classification intemationale des brevets (CIB) ou a la lois selon la classification nationale et la CIB 
B. DOMAINES SUR LESQUELS LA RECHERCHE A PORTE 

Documentation minimaie consultee (systeme de classification suivi des symboles de classement) 

CIB 6 GCIN BOIL 



Documentation consultee autre que la documentation minimaie dans la mesure ou ces documents reinvent des domaines sur lesquels a porte la recherche 



Base de donnees electronique consultee au cours de la recherche Internationale (nom de la base de donnees, et si realisable, termes de recherche utilises) 



C. DOCUMENTS CONSIDERES COtVIME PERTINENTS 



Categorie 


Identification des documents cites, avec, le cas ech^ant, Tindication des passages pertinents 


no. des revendications visees 
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WO 97 44134 A (INCYTE PHARMA INC ;GAMBLE 


1-6,10, 




RONALD C (US); THERIAULT THOMAS P (US);) 


13,16,18 




27 novembre 1997 






voir page 1, ligne 30 - page 2, ligne 18 






voir page 4, ligne 14 - page 5, ligne 3 






voir page 6, ligne 2 - page 7, ligne 8 






voir page 8, ligne 8 - page 9, ligne 7 
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voir page 11, ligne 24 - page 13, ligne 25 
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A 


voir page 14, ligne 26 - page 19, ligne 25 


7,8 




voir figures 1-10 
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EP 0 810 438 A (PACKARD INSTRUMENT CO INC) 


1,2,4-6, 




3 decembre 1997 


8-11,18 




voir le document en entier 




A 


US 5 338 688 A (DEEG ROLF ET AL) 


1-5,9, 




16 aout 1994 


10,18 




voir le document en entier 
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I )( I Voir la 



suite du cadre C pour la fin de la liste des documents 



Les documents de families de brevets sont indlques en annexe 



' Categories sp^ciales de documents cites; 



"A" 



"E 



document definissant Tetat general de la technique, non 
considere comme particuli^rement pertinent 



document ant^rieur, mais public ^ la date de depot international 
ou apr^s cette date 

"L" document pouvant jeter un doute sur une revendication de 
priorite ou cit6 pour determiner la date de publication d'une 
autre citation ou pour une raison speciale (telle qu'indiquee) 

"O" document se referant ^ une divulgation orale, ^ un usage, ^ 
une exposition ou tous autres moyens 

"P" document public avant la date de depot international, mais 
post^rieurement ^ la date de priority revendiquee 



document ulterieur publie apr^s la date de depot international ou la 
date de priorite et n appartenenant pas ^ I'etat de la 
technique pertinent, mais cite pour comprendre le principe 
ou la th^orie constltuant la base de l inventlon 

document particull^rement pertinent; Tinven tion revendiquee ne peut 
etre consider6e comme nouvelle ou comme impliquant une activite 
inventive par rapport au document considere isolement 

document partlculi6rement pertinent; Tinven tion revendiquee 
ne peut etre consideree comme impliquant une activite inventive 
lorsque le document est associe k un ou plusieurs autres 
documents de meme nature, cette combinalson etant evidente 
pour une personne du metier 

document qui fait partie de la meme famille de brevets 



Date ^ laquelle la recherche Internationale a 6te effectivement achevee 

30 juin 1999 


Date d'expedition du present rapport de recherche Internationale 

08/07/1999 


Nom et adresse postale de l administration chargee de la recherche internattonale 
Office Europeen des Brevets, P.B. 5818 Patentlaan 2 
NL - 2280 HV Rijswijk 
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, 
Fax: (+31-70) 340-3016 


Fonctionnaire autorise 

Koch, A 
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Patent family 




Publication 


cited in search report 


date 




member(s) 




date 
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27-11-1997 


AU 


3125097 
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09-12-1997 
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03-03-1999 
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JP 
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JP 
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see the whole document 











Further documents are listed in the continuation ol box C 



Patent family members are listed in annex 



' Special categories ot cited documents ' 

"A" document detinir>g tne general state of the art which is not 
considered to be of particular relevance 

"E" eanier document but published on or after the international 
filirtg date 

■f document which may throw dc-ubts on priority claim(s) or 
which IS ated to establish the publication date of ar>other 
citatton or other special reason (as specified) 

"O" document referring to an oral disclosure, use. exhibition or 
other means 

"P" document published prior to the international filing date but 
later than the pnority date claimed 



*T" laier document published after the international tiling date 
or prionty date and not in conflict with the appticatton but 
cited to understarxJ the prtnc^)ie or theory underlying the 
invention 

"X" document ol particular relevance; the claimed invention 
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